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INTRODUCTION. 


The  name  of  Mulder  is  now  familiar  to  most  of 
the  readers  of  works  on  animal  or  vegetable  physio- 
logy. The  pnblication  of  the  snccessive  parts  of  the 
present  volume  has  been  one  of  the  means  by  which 
the  distinguished  Dutch  chemist  has  been  most  widely 
introduced,  and  his  opinions  most  fully  made  known  to 
English  readers. 

When  the  first  part  issued  from  the  press,  I pro- 
posed to  write  a more  lengthened  introduction  to  the 
finished  work  than  is  now  necessary.  At  that  time  the 
waters  of  chemical  strife  had  been  stirred  up  and  much 
troubled.  An  unnatural,  and  in  some  respects  unwor- 
thy, excitement  had  found  its  way  into  the  crucibles  and 
ink-stands  of  Giessen,  and  Liebig  and  his  pupils,  like  the 
wandering  knights  of  old,  were  shivering  their  lances 
against  every  one  they  met.  That  strife  has  now  died 
away,  and  a calm  has  ensued  more  favourable  not  only 
to  the  prosecution,  but  to  the  discovery  of  truth.  It  is 
on  the  return  of  this  calm  that  I have  the  pleasure  of 
presenting  the  following  work  in  a more  perfect  form 
to  my  scientific  countrymen. 

As  in  all  works  which  pretend  to  completeness  upon 
any  branch  of  the  sciences  of  observation,  there  is  of 
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course  much  in  this  volume  which  has  been  derived  from 
other  sources ; but  the  reader  who  shall  carefully  study 
it,  will  agree  with  me  in  opinion,  that  few  books  have 
appeared  in  our  day  which  are  so  full  of  new  matter. 
New  thoughts — original  views — speculations  calmly, 
thoughtfully,  and  cautiously  put  forward — elaborate 
researches,  analytical  and  microscopical  — criticisms 
truthful,  discreet,  and  searching — occupy  a great  por- 
tion of  its  pages.  While  I by  no  means  agree  with  all 
the  opinions  it  embodies,  and  have  occasionally,  in  brief 
notes,  ventured  to  express  my  dissent,  yet  the  general 
character  of  the  book  is  such  that  I feel  myself  under  a 
personal  obligation  to  the  publishers  for  enabling  me  to 
add  it  to  our  English  scientific  literature. 

The  first  part  is  occupied  with  preliminary  consider- 
ations on  chemical  and  organic  forces — a part  of  the 
book  which  many  will  find  hard  to  read,  but  which  will 
abundantly  repay  the  thoughtful  student  of  molecular 
chemistry.  It  includes,  also,  a view  of  the  general 
relations  of  the  air,  water,  and  soil,  to  organised  beings. 

The  second  part  contains  the  chemical  history  of  the 
various  substances — proximate  principles,  as  they  have 
been  called  by  some  — which  compose  the  bulk  of 
animals  and  plants.  In  this  part  also — as  where  the 
author  treats  of  chlorophyle,  protein,  and  gelatine — the 
reader  will  find  much  to  interest  him. 

The  third  part  treats  of  those  constituents  of  the 
organised  kingdom  which  possess  peculiar  forms.  The 
tissues  and  structures  of  animals  and  plants  are  de- 
scribed chemically  and  microscopically.  It  is,  for  the 
most  part,  filled  with  the  details  of  observations  with 
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the  microscope,  made  by  Mnlder  himself,  upon  the 
forms  and  chemical  characters  of  the  tissues  and  other 
oi^anised  parts  of  animals  and  plants.  It  is  illustrated 
with  twenty  beautiful  plates,  illustrative  of  these  tissues, 
many  of  them  beautifully  coloured,  to  show  the  nature 
of  the  reactions  produced  upon  the  several  tissues  by 
various  chemical  agents.  This  part  forms  a valuable 
addition  to  our  still  infantile  chemico-histological 
knowledge. 

The  fourth  part  is  devoted  to  the  food  and  nutrition 
of  plants.  It  discusses,  first,  the  absorption  of  food  by 
plants,  and  the  mode  in  which  it  is  transmitted  upwards 
and  downwards ; and  next,  the  transformations  which 
this  food  undergoes  in  the  various  portions  of  the  plant 
to  which  it  is  carried.  This  part  addresses  itself  more 
especially  to  the  chemist,  and  to  the  chemical  and 
general  physiologist. 

I think  it  unnecessary  now  to  do  more  than  express 
my  regret  that  the  appearance  of  the  work,  in  this  more 
complete  form,  should  have  appeared  to  linger  so  long. 
Perhaps  the  constitutional  slowness  ascribed  to  his 
country  has  not  been  without  its  influence  even  upon 
the  genius  of  Mulder,  and  has  stood  in  the  way  of  the 
more  rapid  diffusion  of  the  new  ideas  which  his  work 
contains — perhaps  the  aiming  after  greater  perfection 
and  completeness,  which  sometimes  becomes  almost  a 
disease  in  great  minds,  has  retarded  the  completion  of 
his  book ; but  no  retarding  cause  which  has  allowed 
opinions  to  be  more  fully  thought  out,  and  researches 
brought  nearer  to  a close,  ought  to  be  seriously  com- 
plained of  by  the  lover  of  truthful  knowledge.  I con- 
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fidently  anticipate,  therefore,  that  it  will  now  find  a 
place  in  the  library  of  every  accomplished  chemist  or 
physiologist — of  every  one  who  wishes  to  possess  the 
means  of  becoming  acquainted  with  the  actual  state  of 
our  knowledge  upon  the  subjects  on  which  it  treats — 
of  understanding  and  being  able  to  weigh  the  reasons 
which  can  be  advanced  in  favour  of  opinions  in  chemical 
physiology  at  present  either  generally  received,  or  more 
or  less  doubted  and  in  dispute. 

JAMES  F.  W.  JOHNSTON. 

Durham,  March  1849. 
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CHAPTER  I. 

CHEMICAL  AND  ORGANIC  FORCES. 

Is  the  doctrine  of  life,  no  position  has  been  more  strenu- 
ously maintained,  than  that  a peculiar  force  exists  by  which 
organic  substances  are  governed,  by  which  they  are  arranged 
in  certain  specific  modes,  and  are  enabled  to  assist  in  sustain- 
ing the  living  system,  and  to  create  a chain  of  phenomena, 
vrhich  as  a whole  are  called  phenomena  of  life.  This  vital  force 
has  been  described  as  one  quite  peculiar,  of  which  not  the 
slightest  trace  is  to  be  found  in  inorganic  nature.  Organic  and 
inorganic  nature  are  often  indeed  contrasted.  We  hear  of  the 
animate  and  inanimate  forces  of  nature ; we  used  to  shrink 
from  observing  any  connexion  between  them ; and,  in  par- 
ticular, it  was  thought  that  the  endeavour  to  explain  many 
phenomena  of  life  by  means  of  the  so-called  dead  forces  might 
detract  from  the  doctrine  of  life. 

In  the  true  study  of  nature  the  principal  aim  ought  to  be, 
not  only  to  make  ourselves  acquainted  with  the  phenomena 
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ami  laws,  which  distinguish  and  regulate  living  and  dead 
matter,  but  also  to  arrange  those  phenomena  and  laws,  and 
exhibit  them  in  their  several  relations.  The  more  our  know- 
ledge of  these  two  departments  is  extended,  and  the  nearer 
the  several  parts  of  the  great  science  of  nature  are  seen  to 
approximate,  the  more  firmly  must  we  embrace  the  idea,  as 
necessarily  conformable  to  truth,  that  the  same  forces  govern 
alike  the  animate  and  the  inanimate  kingdoms. 

Those  who  proceed  on  the  assumption,  that  no  such  con- 
nexion exists,  will  certainly  not  be  able  to  trace  it ; but  a 
search,  conducted  with  impartiality,  will  be  rewarded  with 
the  discovery  of  as  much  as  may  exist. 

In  the  natural  sciences,  the  words  matter  and  force  arc  con- 
tinually recurring.  We  endeavour,  by  an  effort  of  imagina- 
tion, to  separate  the  one  idea  from  the  other.  Yet  we  can- 
not conceive  of  matter  without  force,  and  scarcely  of  any 
force  which  does  not  react  upon  matter.  We  encounter  many 
difficulties,  while  attempting  to  penetrate  into  the  properties 
of  matter.  We  are  perplexed,  first,  with  its  being  divisible 
either  finitely  or  infinitely;  secondly,  with  the  great  diversity 
of  substances  which  exist ; thirdly,  with  the  great  number  of 
elementary  bodies  now  known  to  chemists. 

Then  the  idea  expressed  by  the  word  atom  is  by  no  means 
distinct,  though  the  term  must  frequently  occur  in  treating 
of  natural  philosophy. 

In  the  natural  sciences,  we  do  not  seek  to  go  beyond  the 
knowledge  which  is  acquired  by  observation  and  by  the  com- 
parison of  visible  objects,  and  thus  we  avoid  that  labyrinth,  in 
which  many  of  the  wise  and  learned  have,  both  in  former  and 
later  times,  involved  themselves,  by  clinging  to  abstract  ideas 
borrowed  from  the  visible  world.  We  acknowledge  material 
diversity  because  we  observe  it ; we  acknowledge  a great  num- 
ber of  elements  because  we  see  them  ; we  do  not  meddle  with 
the  term  atom,  but  substitute  for  it,  wherever  we  can,  the 
more  comprehensive  and  intelligible  expression — equivalent. 

In  the  natural  sciences,  _/wrce  is  used  to  signify  an  assumed 
cause  of  observed  i)henomena  ; we  therefore  do  not  observe 
forces,  but  suggest  their  existence  to  ourselves;  and  we  do  so  in 
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confonaity  with  sound  principle,  fur  the  phenomena  constrain 
us  to  presume  that  such  forces  exist.  No  cautious  iinjuirer 
into  nature  goes  farther  in  the  present  day  ; -we  do  not  intro- 
duce forces,  to  which  we  assign  properties  ; but  we  form  the 
idea  of  some  particular  force,  after  the  necessity  for  its  exi.st- 
ence  is  demonstrated  by  the  observation  of  natural  pheno- 
mena. The  idea  of  force  is  therefore  a concrete  one,  by  which 
every  speciality  in  the  phenomena  is  embraced,  and  unity  is 
given  to  the  whole. 

Such  are  the  simple  principles  by  which  we  arc,  in  the 
present  day,  guided  in  our  inquiries.  The  forces  of  nature, 
which  we  recognise,  are  of  such  a number  and  kind  as  we 
learn  from  the  phenomena  they  ought  to  be ; and  the  error, 
so  prevalent  in  former  times,  of  attributing  properties  to 
forces  without  previously  proving,  from  observation,  that 
those  properties  existed,  is  now  carefully  avoided. 

Proceeding  from  this  point  of  view,  we  propose  to  make 
some  observations  on  the  organic  and  inorganic  forces  of 
nature,  sometimes  called  the  living  and  dead  forces.  These 
observations  will  not  add  anything  to  the  amount  of  our 
scientific  knowledge,  but  may  serve  to  explain  and  establish 
the  proposition  that  a connexion  exists  where  hitherto  it  has, 
erroneously  as  I think,  not  been  recognised. 

It  is  scarcely  necessary  to  observe  that  the  expression  dead 
force,  when  used  to  denote  the  operating  causes  in  inorganic 
nature,  has  no  substantial  value.  Still,  it  is  understood  to 
signify  the  force  of  dead  nature,  in  opposition  to  that  of 
living  nature,  where  a particular  series  of  phenomena  appears  ; 
and  this  is  the  meaning  in  which  we  use  the  expression. 

The  chemistry  of  the  present  day,  which  occupies  itself 
specially  with  the  doctrine  of  molecular  forces,  perceives  pe- 
culiar causes,  operating  in  the  small  particles  of  matter.  Our 
‘mquiries  may  not  inappropriately  be  commenced  with  the 
investigation  of  this  subject,  the  study  of  which  is  the  foun- 
dation of  any  knowledge  we  acquire  in  regard  to  organic 
forces ; for  no  organism  is  composed  of  materials  which  are 
not  subject  to  the  laws  of  those  chemical  forces,  which  are 
proper  to  chemical  substances. 
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While,  however,  we  would  eudeavour  to  show  that  in  the 
living  organism  the  same  molecular  forces  operate  as  efficient 
causes,  we  are  not  to  he  understood  as  holding,  that  they  are 
combined  with  consciousness  or  the  more  elevated  rational 
principle. 

I will  not  venture  to  raise  the  veil,  by  which  the  action  of 
the  nerves,  and  still  more  the  higher  functions  of  the  mind, 
have  hitherto  been  shrouded  from  our  observation.  As  man 
has  an  immaterial  and  immortal  ]>art,  which  is  identical  with 
his  real  being,  and  of  which  alone  he  will  consist,  when  the 
material  frame  by  which  he  is  bound  to  the  earth  shall  be  dis- 
solved ; and  as  the  inferior  animals  possess,  in  common  with 
man,  certain  powers  of  perception,  associated  with  certain 
appropriate  organs,  whose  functions  have  no  conne.\ion  with 
consciousness  ; so  do  animals  and  plants  perform  in  common 
a great  many  operations  which  are  distinct  from  both  of  those 
now  mentioned,  or  which  at  least  have  their  origin  in  dif- 
ferent causea 

It  is  only  the  latter  class  of  which  1 speak,  and  to  which  I 
apply  the  general  term  of  organic  life.  To  that  subject  I 
shall  restrict  my  remarks. 

It  is  well  known  that,  in  animals,  such  operations  are  per- 
formed through  the  agency  of  the  nerves,  and  in  them,  there- 
fore, are  generally  more  complicated  than  in  plants.  The  si- 
milarity of  the  operations  themselves,  however,  intimates  the 
existence  of  a connexion  between  the  causes  from  which 
they  respectively  arise.  But  the  nature  and  strength  of 
this  connexion  are  and  will  continue  to  be  an  enigma,  as 
much  as  the  action  of  the  nerves  itself  The  peculiar  nature 
of  organic  life — the  difference  between  living  nature  and  what 
is  called  dead  nature — is,  however,  not  determined  by  the 
action  of  nerves.  The  properties  common  to  animals  and 
plants  will  be  treated  of  exclusively ; these  properties  bemg 
included  in  the  general  idea  of  functions  of  life.  In  the  first 
place,  we  shall  review,  in  succession,  the  properties  of  the  ele- 
ments, which  enter  into  the  composition  of  all  that  exists 
in  nature. 

We  shall  be  the  first  to  admit  the  force  of  the  objection. 
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with  which  we  maj  be  met,  that  it  is  more  easy  to  pull  <low  n 
than  to  build  up.  Science  has  not  yet  made  such  progress  as 
to  enable  us,  from  a more  elevated  point  of  view,  to  take 
a comprehensive  survey;  but  this  will  never afl'ord  a rational 
ground  for  adhering  to  incorrect  propositions.  The  sug- 
gestions which  follow  are  therefore  to  be  regarded  as  thrown 
out  only  for  consideration.  They  will  require  to  be  much 
more  fully  developed  before  they  can  pretend  to  form  a com- 
plete system. 


§ 1.  Chemical  Force.s. 

We  see  iu  all  the  elementary  substances,  without  exception, 
a disposition  to  combine  with  each  other,  and  we  therefore  form 
the  idea  that  a force  exists  in  them,  which  is  called  ths  foret 
of  affinity.  We  see  this  combination  effected  ; and  infer, 
that  there  necessarily  exists  in  substances  a cause  of  the 
property,  which  they  possess,  of  uniting  together.  There 
is  no  element  which  cannot  be  united  with  others ; there  Is 
none,  therefore,  which  is  destitute  of  that  property  in  a greater 
or  less  degree.  The  power  of  combination  is  thus  a proj>erty 
of  matter,  produced  by  a force,  to  which  every  material  thing 
is  subject,  whatever  its  name  may  be,  or  to  whatever  part  of 
nature  it  belongs. 

We  observe,  however,  in  the  elementary  bodies  many 
other  properties  besides  that  of  uniting  together.  It  would 
not  be  a amplification  of  science  to  assign  a specific  force 
to  each  effect  produced  by  these  elementary  bodies ; but  * 
it  is  impossible  to  have  an  accurate  idea  of  any  element,  if  we 
think  of  it  only  as  impenetrable  and  ponderable,  extended  and 
in  substance  different  from  every  other,  indivisible  and  en- 
dowed with  a tendency  to  combine  with  other  elements.  If  we 
do  not  go  further,  how  should  we  be  able  to  form  a conception 
of  Isomorphism  and  of  isomeric  combinati«jns — of  the  distinct 
character  which  belongs  to  each  elementary  body,  as  com- 
pared with  others — of  their  dynamical  differences  ? VV' e are  too 
much  accustomed  to  confine  our  attention  to  the  sensible  pro- 
perties of  matter.  We  speak  of  copper  and  mercury  as  red 
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aii<l  wliile,  solid  and  fluid,  fixed  and  volatile,  and  we  dwell  too 
iiHR-li  ui>on  these  and  similar  jdiysioal  difTerenccs.  We  do  not 
Hufriciently  inquire  why  the  one  forms  combinations  with  dif- 
ferent quantities  of  the  same  sub.stance.s,  accompanied  with  eii- 
lireh'  dift'erent  phenomena,  as  contrasted  with  those  combina- 
tions which  are  formed  by  the  other.  We  arrange  the  elements 
in  groups,  in  so  far  as  they  agree  in  .some  of  their  properties; 
but  we  do  not  investigate,  in  the  first  place,  the  cause  why 
such  agreement  is  exhibited  by  some,  and  why  the  opposite  is 
e.xhibitcd  by  others.  How  do  we  account  for  the  great  differ- 
ence between  the  two  metals  sodium  and  platinum  ? The  one 
cannot  combine  directly  with  oxygen,  though  the  other  does, 
exhibiting  at  the  same  time  very  interesting  phenomena. 
Sodium  shows  itself  active  in  all  circumstances ; platinum  is 
generally  passive,  and  incapable  of  producing  any  marked 
lihenomena.  We  say  that  sodium  has  a greater  degree  of 
affinity  ; but  we  derive  the  idea  of  affinity  from  observing  the 
production  of  a combination — the  final  result  of  the  power 
which  is  lodged  in  the  sodium.  When  water  is  violently 
decomposed  by  it,  this  effect  ought  undoubtedly  to  be  as- 
cribed to  the  power  possessed  by  sodium  of  combining 
with  oxygen  ; but  is  this  combination  produced  by  nothing 
but  the  attraction  between  sodium  and  oxygen  ( We  do  not 
see  any  of  these  phenomena  produced  by  general  or  physical 
attraction,  and  we  must  therefore  superadd  something  to  the 
idea  of  attraction  to  constitute  what  we  understand  by  affi- 
nity. The  question  arises,  whether  the  attraction  by  affinity 
•operates  in  certain  definite  and  invariable  proportions  { This 
consideration  is  necessary  to  an  accurate  notion  of  affinity  ; 
but  it  does  not  comprehend  all  that  requires  solution.  It  does 
not  explain  anything  as  to  the  differences  among  bodies  in 
regard  to  their  colour,  smell,  and  taste ; their  being  solid, 
fluid,  or  gaseous,  fixed  or  volatile  ; their  boiling  point,  den.sity, 
specific  heat,  atomic  weight ; — nor  anything  in  regard  to 
isomorphism,  to  isomerism,  or  the  evolution  of  heat,  light, 
and  electricity  in  chemical  combinations ; — nor  any  thing  re- 
specting the  .singular  (juality,  which  each  element  po.sse.s.scs.  of 
forming  f,  2,  3.  and  so  on  to  the  tiumber  of  7,  comlunations 
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with  another  element,  in  certain  invariable  proportions — 
combinations  which  are  formed  from  the  same  two  elements, 
under  conditions,  which  differ  from  each  other  only  in  a small 
degree. 

If  we  consider  the  molecular  forces  in  elementary  bodies 
only  as  producing  combinations  between  molecules  of  dissimi- 
lar kinds,  the  idea  at  which  we  arrive  is  limited  and  unpro- 
ductive, and  we  overlook  a long  series  of  singular  phenomena, 
which  cannot  be  reduced  to  that  principle. 

The  observation  and  arrangement  of  phenomena,  the  inves- 
tigation of  the  laws  which  regulate  them,  and  the  ascribing 
to  bodies  of  powers  which  are  in  accordance  with  the  character 
of  the  ])henomena  dependent  upon  them,  are  all  required  for  a 
correct  knowledge  of  nature.  In  the  present  condition  of  che- 
mistry, we  are  obliged  to  form  a more  distinct  idea  of  the 
forces  by  which  the  molecules  of  matter  are  governed,  than 
was  sudicient  in  former  times  ; because  we  know,  with  posi- 
tive certainty,  that  there  is  nothing  in  common  between  the 
quality  of  the  matter  in  one  element  and  the  quantity  of  an- 
other combined  with  it ; and  also,  that  the  crystalline  form  of 
the  compound  is  independent  of  the  quantity  also.  Sulphur, 
selenium,  chromium,  and  manganese,  bodies  of  very  different 
natures,  take  each  three  equivalents  of  oxygen  (0*),  and 
yield  with  bases  salts  of  the  same  crystalline  form.  The  sul- 
phates, seleniates,  chromates,  and  manganates  are  all  isomor- 
phoua  And  so  with  a great  many  other  elementary  sub- 
stances. 

The  conclusion  which  we  draw,  therefore,  is  legitimate, — 
that  there  are  certain  analogous  powers  present  in  sulphur, 
selenium,  chromium,  and  manganese  ; and  thus  we  arrive  at 
the  idea,  that  the  chemical  relations  of  these  elements  are 
not  dependent  upon  their  matter,  but  upon  the  analogous 
forces  by  which  their  molecules  are  governed.  Thus  the  idea 
of  the  matter  of  sulphur  is  associated  with  somewhat  of  the 
idea  of  force,  and  of  the  same  force  which  operates  in  sele- 
nium also — which  operates  not  only  in  forming  combinations, 
but  in  contributing  also  to  the  formation  of  the  whole  cha- 
racter of  the  compound  substance*  produced.  We  remark 
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the  effects  of  this  force  which  exists  in  sulphur,  selenium, 
A:c.,  even  in  more  complicatcil  compounds  than  those  to 
which  we  have  referred.  Sulphate  of  soda  and  scleniate  of 
soda,  for  instance,  are  both  efflorescent  salts,  and  both  possess 
the  singular  property  of  being  more  easily  soluble  in  water  of 
3.T  Centigrade  ( = .01^°  Fahr.)  than  in  water  of  100°  Cent. 
( = 212''  Fahr.), — a property  which  is  rare  in  the  highest  de- 
gree, and  which  does  not  depend  here  on  the  substance  of 
sulphur  or  selenium,  but  on  the  similar  molecular  forces,  by 
which  both  sulphur  and  selenium  are  governed.  Phosphorus 
and  arsenic  are  isomorphous.  Both  combine  with  oxygen, 
and  form  acids,  whose  composition  is  represented  by  RO®. 
Each  of  these  acids  forms  with  soda  two  analogous  salts.  All 
the  four  salts  contain  one  equivalent  of  acid,  two  of  base,  and 
one  of  basic  water  ; but  one  phosphate  and  one  arseniate  con- 
tain in  addition  24,  the  other  phosphate  and  arseniate  only 
14,  atoms  of  w’ater  of  crystallization.i 

If,  in  the  same  manner,  we  pass  in  review  the  whole  scrie.s 
of  the  elementary  bodies ; if  we  consider  them  abstractly  from 
their  matter,  then  wc  recognise  innumerable  modifications  of 
those  molecular  forces,  in  the  phenomena  which  each  of  them 
exhibits.  These  forces  are  often  exercised  in  the  production 
of  chemical  combination.s,  but  this  is  by  no  means  their  sole 
characteristic. 

The  combination  of  two  or  more  elements  into  one  whole 
is  the  best  known  effect  of  all  the  existing  molecular  forces. 
And  the  phenomena  which  we  observe  during  this  combina- 
tion of  substances,  and  the  results  of  such  combination,  have 
enabled  us  to  form  a definite  idea  of  a cause  adequate  to  pro- 
duce them.  The  combination  is  attended  with  phenomena 
which  can  be  traced,  and  the  results  of  which  can  be  mea- 
sured and  weighed.  We  must  be  content  with  having  reached 
this  i)oint,  and  can  only  hope  that  the  time  will  yet  arrive. 

* Th«  fact  hcra  stated  it  repreeented  bv  the  following  general  ejprcaiion  ; — 
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when  we  shall  be  able  to  form  inure  just  coiiccptiuiu  ol  the 
other  forces  by  -which  the  molecules  ate  governed.  We  can 
tcarcely,  as  yet,  give  a name  to  the  science  of  this  subject — a 
K-ience  which  appears  to  be  actually  boundless  in  c stent. 

The  effect  which  we  call  affinity,  is  to  be  ascribed  to  a 
power  of  mutual  chemical  attraction,  which  dwells  in  the  ele- 
mentary bodies.  Before  such  a combination  is  completed,  and 
lefore  they  come  into  contact,  they  must  possess  a power,  by 
which  they  are  enabled  to  effect  the  combination  cU  a fitting 
tim*.  or  they  must  ac((uirc  this  power  at  toon  at  tJi'ey  touch 
tack  other.  Here  it  is  difficult  to  choose  our  way;  but  it 
does  not  seem  impossible  So  far  as  the  idea  refers  to  the 
excitation  of  force,  the  principle  is  the  same  as  that  of 
electricity,  which  is  an  operating  cause  also  present  in  the 
molecules ; but  though  it  be  so,  yet  it  is  not  identical  with 
the  force  of  affinity.^ 

If  we  touch  a piece  of  wood  with  a pen,  we  observe  no  sign 
of  combination  ; but  when  antimony  and  chlorine  come  into 
contact,  they  unite  immediately ; and  the  wood  does  not 
possess  any  power  of  exciting  in  the  pen  a combining  force, 
neither  has  the  pen  any  power  of  doing  so  in  the  wood 
The  chlorine,  on  the  other  hand,  has  the  power  of  excit- 
ing a force  of  combination  in  the  antimony ; and  the  anti- 
mony of  doing  so  in  the  chlorine.  Now,  it  is  a matter 
of  indifference,  whether  we  conceive  that  the  forces  slumber 
in  the  antimony  and  the  chlorine,  and  arc  brought  into 
operation  by  contact ; or  that  those  forces  were,  previously 
to  contact,  present  in  the  two  bodies  in  an  active  state,  but 
produced  the  phenomena  of  combination  only  during  the 
contact.  These  two  ideas  may  be  reckoned  of  equal  value 
for  scientific  purposes ; because  the  jxiwer,  exerted  by  the 
chlorine,  of  exciting  the  slumbering  forces  in  antimony,  and 
the  similar  power  exerted  by  the  antimony  upon  the  chlo- 
rine. must  undoubtedly,  one  or  Ixith,  pre-exist  before  contact ; 
if  not  so,  then  two  slumbering  forces  arc  excited  by  each 


* We  mmot,  of  course,  attempt  here,  however  brieflv,  to  indicate  in  what 
ropecte  the  force*  of  affinif.T  and  electricity  either  coincide  or  differ. 
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other,  which  ib  absurd.  Whatever  excites  action  we  call 
force,  (,'hlorinc  excites  action  in  antimony,  and  antimony  in 
elilorine  ; so  that  before  contact  a power  exists  either  of  excita- 
tion or  of  combination, — and  that,  if  not  in  botli,  at  least  in 
one  of  these  bodies.  The  mode  of  considering  this  point  is 
almost  a matter  of  indifference ; but  wo  must  always  bear 
in  mind  that  it  is  a power,  a force  which  is  exerted  by  the  one. 
and  which  acts  upon  the  other.  This  force,  I repeat,  must 
exist  in  one  of  the  bodies  before  contact ; and  may  be  called 
its  chemical  tendency.  It  manifests  itself  duriny  contact,  but 
cannot  be  produced  by  contact,  any  more  than  electricity  or 
other  forces.  We  cannot  conceive  of  a force  being  produced 
by  contact.  Contact  is  a condition  to  which  substances  must 
he  subjected,  in  order  that  some  phenomenon  may  be  pro- 
duced ; as  touching  the  ground  w'ith  the  feet  is  a condition 
required  to  enable  us  to  walk.  A condition  necessary  to  any 
phenomenon  differs  entirely  from  a source  of  action,  from  the 
cause  of  the  phenomenon ; and  the  theory  of  contact,  there- 
fore, seems  to  me  impossible  and  absurd,  at  least  in  the  sense 
in  which  it  has  been  so  often  maintained. 

We  are  conducted  by  the  phenomena  to  the  recognition  of 
a power  in  substances,  which  can  be  excited  under  certain 
circumstances,  and  which  is  capable  of  producing  a combina- 
tion. This  power  necessarily  exiets  before  it  is  excited,  and 
often  requires  only  the  contact  of  substances  to  allow  the 
jihenomena,  called  combination,  to  be  produced  Acconling 
to  our  view,  therefore,  we  must  suppose  a power  in  all  the 
elements,  either  of  exciting  or  of  exhibiting  a force  which 
causes  a combination.  This  is  what  we  call  chemical  tendency. 

This  power  varies  greatly  in  different  elements.  It  varies 
in  respect,  first,  of  quantity,  and  secondly,  of  quality. 

Those  elements  only  which  have  the  same  atomic  weight 
attract  an  e(jual  quantity  of  the  same  clement,  while  all  the 
other  elements,  with  but  a few  exceptions,  attract  very  differ- 
ent quantities.  There  is  also  a very  considerable  variety  in 
their  mode  of  combining  with  other  bodies  ; the  phenomena 
wliich  they  produce  are  very  diflerent.  and  there  is  especially 
a great  diversity  in  their  power  of  combining,  in  one  or  more 


Digitized  by  GoogI 


VKOKTABLB  ASU  AKIMAL  PHVSIOLOGT. 


11 


|iroportiuns,  with  another  element.  How  is  this  latter  difler- 
ence  caused,  if  not  by  the  difference  in  their  combining  quan- 
tities, and  by  the  special  nature  of  their  chemical  tendencies  i 
Fur  (with  the  exception  of  the  isomorphous  bodies,  and  those 
which  have  the  same  atomic  weight)  every  elementary  body 
has  its  own  peculiar  qualities,  and  its  own  combining  quan- 
tity, showing  that  the  substances  are  specifically  distinct. 
Each  element  also  might  be  made  to  ajqiear  in  a spccific 
fonn,  though  they  be  all  derived  from  the  same  base,  because 
every  one  of  them  is  governed  by  specific  forces ; in  other 
words,  a different  distribution  of  the  chemical  tendency  in 
an  element  would  be  sufficient,  to  make  the  same  element 
appear  specifically  different 

But  however  this  may  be,  either  one  and  the  same  prin- 
ciple. differing  from  all  others,  not  materially  but  dynami- 
cally, may  be  the  base  of  all  the  elements,  or  there  may  be  as 
many  elements  as  there  are  groups  of  isomorphic  substances, 
or  as  many  as  are  designated,  in  the  chemistry  of  the  present 
day,  elementary  bodies.  This  question  cannot  yet  bo  deter- 
mined Adhering  to  what  we  observe  and  know  with  cer- 
tainty, we  conclude  that  every  elementary  body  is  endowed 
with  a great  many  specific  properties,  which,  to  a largo  ex- 
tent, are  dependent  on  the  same  principle  that  causes  their 
combination,  and  thus  on  the  proportion  and  character  of  the 
chemical  tendency. 

If  we  adopt  this  idea,  we  have  the  advantage  of  seeing 
somewhat  of  vitality,  energy,  and  activity  in  dead  matter. 
It  is  an  idea,  derived  from  the  endless  scries  of  phenomena 
which  are  observed  in  the  laboratory,  in  daily  occurrencc.s, 
and  in  nature  at  large  This  series  of  phenomena,  exhibiting 
the  effects  of  that  diversified  chemical  tendency  in  bodies, 
which  is  already  observed  in  science,  is  fitted  to  excite  admi- 
ration. Elementary  works  are  filled  with  descriptions  of 
substances  which  exist  in  consequence  of  that  tendency,  and 
the  chemist  cannot  see  the  end  of  that  series  of  new  combi- 
nations which  are  continually  formed  by  these  substances,  as 
so  many  results  of  the  primitive  forces.  With  .such  an  idea 
we  do  not  confine  ourselves  exclusively  to  the  material  cha- 
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Factor  of  each  element ; for  in  this  way  we  could  not  attain 
to  a correct,  certainly  not  to  a practical,  conception  of  this 
subject,  inasmuch  os  this  material  character  presents  a union 
of  the  physical  properties  of  bodies,  and  not  of  those  proper- 
ties by  which  the  elements  appear  capable  of  producing  phe- 
nomena. 

If  the  question  be  raised,  whether  the  introduction  of  this 
idea  will  produce  immediate  fruits,  we  must  reply  in  the  ne- 
gative. Hitherto  the  subject  has  not  been  studied  from  this 
]>oint  of  view,  and  science  is  not  yet  supplied  with  sufficient 
data  to  allow  of  its  being  so  studied.  To  view  it,  however, 
in  this  light,  may  be  considered  os  an  attempt  to  find  a bet- 
ter way. 

Four  of  the  elements  have  a wholly  peculiar  character ; all 
the  others  arc  more  or  less  limited  in  their  capacity  of  mutual 
combination,  while  carbon,  hydrogen,  nitrogen,  and  oxygen 
are  apparently  unlimited  m this  respect.  We  may  modify,  in 
almost  innumerable  ways,  the  quantity  and  quality  of  the 
affinity  found  in  these  four  elements.  For  that  reason  they 
deserve  a prominent  place  in  chemistry.  Lead  and  oxygen 
combine  in  two  proportions  only,  the  protoxide  PbO,  and  the 
peroxide  PbO^,  and  these  imite  to  form  a third  combination 
(red  lead) ; but  the  combinations  of  carbon  and  hydrogen  are 
innumerable,  and  differ  not  only  in  relative  but  also  in  abso- 
lute quantities.  We  have  not  only  the  series,  CH,  CH'^, 
&c.,  but  also  C^H^,  C^H^,  &a  The  combination  is 

also  inexhaustible,  either  in  the  simpler  form  of  C^IH,  or  as 
(jieijs,  (^;15H12,  &c.  We  know  a combination,  C^H  ; 

another  C^H®,  another  C^H®,  &c. — and  so  with  C and  N,  N 
and  H,  and  CNII  and  CNO,  CHO  and  CHNO.  In  one  word, 
though  these  four  elements  have  a great  many  properties  in 
common,  they  exist  as  a distinct  group,  supplied  with  forces 
of  affinity  which  are  susceptible  of  infinitely  more  modifica- 
tions than  those  which  are  present  in  the  other  elements.  We 
now  proceed  to  examine  somewhat  more  closely  the  character 
of  the  chemical  combination  of  elementary  bodies. 
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A.  Determinate  value  of  the  force*  tehich  produce  combinalioii. 
Apparent  quiescence  of  the  force*  during  combination. 

The  simple  substances  differ  in  their  power  of  mutual 
combination.  They  differ,  therefore,  in  respect  of  the  seve- 
ral forces  which  cause  this  combination,  or  in  the  capacity 
of  having  those  forces  excited  in  peculiar  circumstances. 
The  substances,  which  seem  to  possess  this  tendency  at  every 
temperature,  are  potassium,  sodium  when  combining  with 
oxygen,  chlorine  when  combining  with  a great  many  metals. 
This  tendency  is  peculiar  to  these  substances,  and,  ac- 
cording to  our  observation,  it  is  correct  to  say,  that  there 
exists  in  potassium,  independent  of  circumstances,  a tendency 
to  combine  with  oxygen,  and  in  oxygen  a tendency  to  com- 
bine with  potassium. 

This  tendency  is  clearly  characterised  by  its  operating  be- 
tween molecules  of  different  kinds  at  distances  too  small  to 
be  measured,  and  by  its  producing  from  these  a combination 
in  a fixed  proportion. 

If  substances  chemically  different  yield  to  this  tendency,  a 
combination  of  two  unlike  bodies  results, — an  intimate  union, 
in  which  each  new  molecule  is  composed  of  the  two  combined. 
A mass  of  potassium  does  not  possess  this  power  as  a ma.ss. 
It  is  peculiar  to  its  small  particles.  The  smaller  even  those 
particles  are,  the  more  easy  is  their  combination. 

This  peculiar  power  in  potassium  of  attracting  oxygen,  and 
in  oxygen  of  attracting  potassium,  thus  resides  in  the  most 
minute  particles  ; that  is  to  say,  in  those  which  we  can  divide 
no  further.  The  two  particles  now  closely  approximate  each 
other,  and  present  new  properties,  which  are  chiefly  dependent 
on  the  character  of  the  combined  substances,  but  result  in  part 
also  from  the  forces  by  which  those  substances  are  governed. 

After  the  combination  is  completed,  the  power  of  uniting 
still  further  with  oxygen,  at  least  under  the  same  circum- 
stances, is  lost  to  the  potassium.  The  two  molecules  have 
wholly  satisfied  their  desire  of  combination,  and  the  two 
opposite  forces  have  therefore  made  each  other  quiescent, 
either  partly  or  wholly.  If  they  have  made  each  other 
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wliolly  quiescent,  the  new  substance  cannot  combine  further 
Avitli  any  other.  But  if  tlie  force  in  potassium  (K)  be  not 
wliolly  counterbalanced  by  the  force  in  oxygen  (0),  more  or 
less  of  (K)  remains  in  the  combination,  and  vice  versa  with 
(0).  It  seldom  hap)iens  that  the  two  forces  entirely  counter- 
balance each  other  ; but,  in  general,  an  excess  of  the  one  or 
of  the  other  remains,  which  appears  externally,  and  impresses 
on  the  combination  a character  conformable  to  that  which  is 
proper  to  the  predominating  element. 

The  constancy  of  the  proportions  in  which  the  elements 
combine  with  each  other,  proves  that  the  forces  are  of  equal 
value  in  determinate  circumstancea  The  cause  of  this  con- 
stancy cannot  be  traced  to  one  of  the  combined  substances 
only,  but  it  must  be  jiresent  in  both,  so  as  to  complete  the 
combination,  of  which  the  principal  characteristic  is  a perfect 
constancy  of  quantities.  While  the  combination  is  in  pro- 
gress, the  sensible  action  of  quantities  of  equal  amount  is 
apparently  annihilated.  If  we  suppose,  for  instance,  that 
o.xygen  has  a force  of  affinity  of  3(0),  and  potassium  of  6(K), 
3(K)  must  necessarily  remain  after  their  combination,  in  cer- 
tain circumstances,  whilst  3(K)  and  3(0)  make  each  other 
quie.scent. 

This  is  proved  by  observation.  Potash  is  not  inactive,  but 
possesses  in  its  turn  a tendency  to  combine  with  other  sub- 
stances, which,  though  less  powerful  than  that  of  potassium, 
operates  in  the  same  manner  ; thus  there  is  a quantity  of 
chemical  tendency,  which  has  not  passed  into  a state  of  rest, 
whilst  the  metal  was  combining  with  oxygen.  We  would 
call  the  remaining  part  of  this  force  in  jiotash  3(K). 

Sulphur  and  oxygen  (S  and  0)  combine  with  each  other,  when 
favoured  by  peculiar  circumstance.s,  in  the  same  manner  as  po- 
tassium and  oxygen  combine  at  the  common  temperature.  It  is 
thus  indispensable  to  this  union  that  .sulphur  should  have  a cer- 
tain quantity  of  force,  which  disjioscs  it  to  combine  with  oxygen 
and  produce  .sulphuric  acid,  and  rice  versa.  By  this  combina- 
tion the  whole  quantity  of  the  opposite  forces,  or  a part  of 
either,  is  again  apparently  lost  ; and  then  some  of  the  force, 
either  of  the  oxygen  nr  of  the  sulphur,  remains.  If  we  sup- 
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iKjse  that  the  farces  by  which  oxygen  ami  sulphur  (()  and  S) 
operate  upon  each  other,  have  the  proportion  of  3(0):  1(S),  we 
have  remaining  2(0)  after  the  combination  of  O and  S into 

•SOa. 

Pottish,  therefore,  retains  a force  of  3(K),  and  sulphuric 
acid  of  2(0).  According  to  this  view,  neither  potash  nor 
sulphuric  acid  is  neutral,  but  they  are  both  still  supplied  with 
forces  of  affinity  opposite  to  each  other,  so  that  they  are  able 
to  produce  a new  combination  of  the  substances  already  in 
composition  ; that  is,  of  the  sulphuric  acid  and  the  potash 
into  sulphate  of  potash.  As  soon  as  these  combine  with  each 
other,  potassium  (K)  is  again  neutralized  by  oxygen  (0).  If 
we  assume  that  of  the  3(K)  and  2(0),  2(K)  are  counterba- 
lanced by  2(0),  there  remains  I (K)  after  sulphate  of  potash 
has  been  produceil. 

In  tills  sulphate  of  {K>tash,  two  forces,  opposite  to  two 
others,  are  thrice  enveloped  ; two  of  them  in  the  elements  of 
the  potash,  two  in  the  elements  of  the  sulphuric  acid,  and  two 
in  the  elements  of  the  sulphate  of  potash.  These  forces 
counterbalance  each  other ; the  feebler  of  them,  (0),  has  been 
made  imperceptible,  but  the  stronger  of  them,  (K),  is  able  to 
act  on  other  substances,  through  the  force  which  remains 
active  after  the  oxygen  has  been  neutralized. 

In  our  example,  1(K),  or,  in  other  Avords,  one  quantity  of 
the  force  originally  present  in  potassium,  still  remained  after 
the  combination  of  SO^  with  KO.  Sulphate  of  potash, 
therefore,  is  also  not  neutral,  but  may  combine  anew  with 
other  substances,  and  especially  with  those,  which  contain 
oxygen  (0)  once,  twice,  or  more  times.  Supposing  we  have 
such  a substance  in  sulphate  of  alumina,  we  see  alum  formed 
on  the  same  principles,  by  the  combination  of  the  sulphate 
of  alumina  with  the  sulphate  of  potash.  Thus  it  appears 
that  the  same  force  originally  residing  in  the  elements,  is 
capable  of  producing  all  the  chemical  combinations  of  the  first, 
second,  and  third  orders. 

The  value  of  the  forces,  which  are  originally  involved  in 
the  elements,  is  still  undetermined  In  course  of  time,  Iioav- 
ever,  it  will  be  ascertained  The  quantities,  which  we  have 
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assumed  merely  to  ex|>lain  our  riews,  must  tlierefore  not  be 
regarded  as  having  a real  value.  It  is,  however,  certain  that 
there  must  always  be  two  forces  of  opp<isite  character,  where 
attraction  and  combination  are  the  effects. 

This  mutual  combination  does  not  take  place  among  all  the 
elementary  bodies.  Those  substances  which  do  not  combine 
with  each  other  are  either  destitute  of  both  the  opposite  forces 
referred  to,  or  these  forces  are  inactive  in  one  of  them,  owing  to 
the  circumstances  in  which  it  may  be  placed.  On  the  other 
hand,  combination  takes  place  everywhere  if  the  forces  (K) 
and  (0)  be  different  from  each  other  in  a determinate  de- 
gree. If,  for  in.stance,  there  be  a substance  containing  20(K), 
and  if  it  come  in  contact  with  another  containing  1 (0),  the 
result  will  be  a combination,  and  this  new  product  will  be 
able  to  act  with  a force  represented  by  19(K). 

We  have  no  reason  to  assume  the  existence  of  other  che- 
mical forces  than  those  which  we  have  called  (K)  and  (0). 
All  the  elementary  bodies  seem  to  possess  them,  though  uni- 
formly in  different  degrees.  It  results  from  the  doctrine  of  che- 
mical pn>portions  ( ttochiomelry ) that  the  quantities  of  the  seve- 
ral elements  which  combine  with  each  other  vary  according  to 
certain  definite  proportions,  if  the  forces  are  excited  in  differ- 
ent degrees  by  different  circumstances.  Nitrogen  (N)  com- 
bines with  one,  two,  three,  four,  or  five  of  oxygen  (0,  0®,  0*, 
05,)  and  so  with  regard  to  the  other  elements.  We 
have  thus  solid  grounds  for  assuming  the  existence  of  cer- 
tain values  of  the  chemical  forces  ; the  relative  proportions 
of  which  values  may  be  expressed  by  whole  numbers. 

Another  result  of  experience  is,  that  these  forces  are  exhi- 
bited in  ordinary  circumstances  by  all  the  elementary  bodies, 
but  that  the  conditions  require  to  be  modified,  either  to  excite 
these  forces,  or  to  fix  them  in  the  substances  in  determinate 
quantities.  We  see  oxygen  attracted  by  potassium  at  the 
ordinary  temperature,  and  hence  conclude  that  such  a force 
is  always  possessed  by  potassium.  We  cannot,  however,  i)ro- 
duce  any  proof  of  this,  for  it  is  possible  that  the  common 
temperature  causes  the  production  of  that  force  in  potassium, 
seeing  that  it  ceases  to  attract  oxygen  at  a temperature  of 
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— 150°  Fahr.  It  is  possible  that  the  ordinary  temperature 
has  the  same  effect  on  potassium,  as  a red  heat  has  upon  iroa 

Among  the  circumstances  by  which  these  forces  may  be 
excited  or  fixed  in  determinate  quantities  in  the  elements, 
may  be  reckoned  a high  temperature,  the  influence  of  light, 
the  action  of  electricity,  and  especially  the  presence  of  an- 
other chemical  substance  We  shall  here  adduce  a single 
example  of  each,  and  treat  hereafter  of  this  subject  more 
fully  in  its  proper  place 

Heat  excites  the  forces  (E)  as  well  as  (0)  in  many  sub- 
stances ; (K),  for  instance,  in  the  metals,  which  are  oxidized 
at  an  elevated  temperature  y (0)  in  chlorine,  which  combines 
with  hydrogen  on  the  application  of  a taper,  producing  hy- 
drochloric acid. 

Light  causes  the  sudden  combination  of  hydrogen  and  chlo- 
rine (H  and  Cl),  and  thus  excites  (E)  and  (0)  in  these  two 
gases  respectively. 

Hydrogen  and  oxygen  (H  and  0)  are  at  once  combined  by 
means  of  an  electrical  spark,  which  thus  excites  in  them  (E) 
and  (0). 

(E)  and  (0)  are  excited  by  other  substances,  as,  for  in- 
stance, in  the  combination  of  hydrogen  and  oxygen  (H  and 
0),  which  is  effected  suddenly  by  spongy  platinum,  and  more 
slowly  by  platinum  foil 

The  peculiar  forces  of  two  substances  are  not  lost  by  their 
mutual  combination  ; they  only  become  quiescent,  as  it  were, 
so  far  as  each  is  counterbalanced  by  an  equal  quantity  of  the 
opposite  force.  Alum  may  be  decomposed  into  sulphate  of 
alumina  and  sulphate  of  potash  ; each  of  which  has  its  pro- 
per character  of  (E)  and  (0),  and  that  in  the  same  degree  as 
before  their  combination.  Finally,  potash  and  sulphuric  acid 
(EaO  and  SO^)  may  be  decomposed  in  the  same  manner  into 
Ea,  0,  8,  and  0*,  each  of  which  has  the  same  quantity  of  (E) 
and  (0)  as  at  first 

This  is  proved  by  every  chemical  analysis,  effected  by  the 
action  of  other  substances  upon  those  which  are  to  be  decom- 
posed The  forces  (E)  and  (0),  therefore,  become  only  quies- 
cent, and  are  not  lost  while  the  combination  of  the  substances 
is  iq  progress.  B 
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We  are  by  no  means  able  to  enter  into  this  iilca,  if  we  as- 
sume that  the  molecules  of  the  united  substances  are  quite 
close  to  each  other.  In  this  case  a reciprocal  annihilation  of 
two  opposite  forces  must  occur.  If  we  suppose  that  the  mole- 
cules are  very  near,  though  not  in  contact  with  cacli  other, 
we  can  easily  conceive  that  the  forces  which  proceed  from 
the  molecules,  having  a certain  tendency  towards  each  otlicr, 
may  seem  to  our  senses  to  lose  that  portion  of  their  strength 
which  is  expended  in  producing  the  combination,  and  yet 
may  appear  again  in  their  original  quantity  as  soon  as  the 
combination  is  dissolved 

Substances  persitt,  therefore,  in  their  combinations,  by  the 
same  law  in  obedience  to  which  they  become  chemically  miited ; 
they  are  decompoted  again  by  the  same  law  if  more  powerful 
forces  than  those,  wliich  bring  them  together,  act  upon  their 
component  parts.  They  become  combined,  1 lecause  two  (.>pposite 
forces,  which  either  are  present  in  the  elements,  or  are  ex- 
cited by  circumstances  to  a detenninatc  degree,  act  upon  each 
other,  and  so  accompany  the  substances  with  which  they  are 
connected  They  persitt  in  their  comlnnation  because  these 
forces  are  not  annihilated,  though  part  of  each  is  brought  into 
equilibrium  with  part  of  the  other.  This  part  is  thus  pre- 
vented from  acting  externally.  They  may  l>e  decomposed,  if 
more  powerful  forces  act  upon  one  of  them,  and  if  the  decom- 
posing forces  be  of  the  same  si>eciea  Copper,  for  instance, 
separates  silver  from  its  solution  in  nitric  acid ; thus  with- 
drawing the  oxygen  from  the  silver,  and  itself  combining  with 
the  oxygen.  Suppose  copper  to  contain  4(K),  silver  1(K),  and 
the  oxygen  of  the  oxide  of  silver  3(0) ; a separation  of  the 
silver,  which  has  but  1(K),  must  necessarily  take  place,  be- 
cause 3(0)  may  be  neutralised  by  3(K). 

We  have,  therefore,  a direct  proof  that  these  chemical 
forces  are  only  quiescent,  inasmuch  as  chemical  substances 
are  decomposed  by  others,  which  exercise  a more  powerful 
influence  upon  one  of  the  combined  substances  than  on  the 
other.  Hence  again  we  deduce  the  conclusion,  that  substances 
are  kept  in  combination  by  the  same  forces,  in  virtue  of  which 
they  enter  into  combination. 
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B.  Chemncal  AOim  it  Action  at  Un-meoturable  DUtanft*. 

Polarity  of  ike  Motecukt. 

It  is  a peculiar  feature  of  chemical  combination,  that  it  acts 
at  distances  too  small  to  he  measured.  To  effect  the  combina- 
tion, it  is  therefore  indispen.sable  that  the  particles  should 
come  very  near  each  other.  This  is  the  reason  why  sub- 
stances, if  put  in  mutual  contact  while  still  in  a mass,  have, 
for  the  most  part,  either  no  action  at  all,  or  only  an  imperfect 
action  ujKin  each  other,  and  why  they  act  upon  each  other  even 
at  the  ordinary  temperature,  if  they  are  reduced  to  a verj-  fine 
p'wder.  This  may  be  seen  in  the  case  of  sulphur  and  cop- 
per. These  substances  have  no  effect  at  all  on  each  other 
when  in  mass ; but  when  reduced  to  powder  they  are  com- 
bined by  simple  trituration,  a great  deal  of  heat  being  evolved 
in  the  process.  We  should  err,  however,  if  we  supposed  that 
minute  division  was  the  only  cause  of  combination ; trituration 
is,  in  the  case  supposed,  only  a powerful  assistance.  We  see, 
however,  when  bodies  are  dissolved  in  water,  that  this  state 
of  division  is  a principal  condition  of  combination.  If  anhy- 
drous sulphate  of  soda  and  chloride  of  barium  are  triturated 
together,  no  change  will  take  place  at  all ; but  if  they  are 
hrftnght  together  in  a dissolved  state,  that  is,  in  a state  of 
the  minutest  division,  a perfect  decomposition  will  result. 

The  effect  of  temperature,  in  such  cases,  is  not  simply  to 
promote  the  combination  of  substances.  Temperature  facili- 
tates combination,  in  the  same  way  as  solution  in  water  does, 
where  either  one  or  both  of  the  acting  substances  can  be  fused. 
No  doubt  the  oxidation  of  metals  in  oxygen  is  promoted  by  an 
elevated  temperature,  owing  either  to  the  excitation  of  pecu- 
liar forces  in  the  metal  and  the  oxygen,  or  to  the  increase  of 
these  forces  to  a limited  extent : but  fused  lead  or  volatilising 
anc,  for  instance,  has  the  particles  very  much  divided  and  very 
moveable,  under  the  influence  of  an  elevated  temperature. 
These  particles,  for  this  reason,  are  enabled  to  turn  to  the 
oxygen  that  very  side  which  is  necessary  for  the  combination. 
We  must  therefore  add  this  greater  mobility  also  to  the  influ- 
ence of  the  temperature,  (as  we  remarked  of  solutions  of  salts,) 


Digitized  by  Googlcl 


20 


THE  CHEMISTRY  OF 


wholly  independent  of  the  elevated  temperature  itself.  So  with 
pulverised  lead,  we  find  that  if  shaken  in  air  and  water,  it  is 
soon  changed  into  hydrate  of  oxide  of  lead ; though  a lump  of 
lead,  under  the  same  conditions,  b but  slowly  acted  upon.  Two 
gases,  if  mixed  with  a third  of  a neutral  character,  combine 
but  slowly ; the  result  of  their  action,  however,  is  a perfect 
mutual  attraction  ; as,  for  instance,  when  ammonia,  carbonic 
acid,  and  atmospheric  air  are  mixed.  Thus  the  combina- 
tion of  gases  is  promoted  by  the  mobility  of  the  particles. 

As  it  is  necessary  to  the  production  of  a chemical  combi- 
nation that  the  particles  should  be  moveable,  we  infer  that 
the  difierent  sides  of  the  molecules  have  a different  power  of 
combining  with  a molecule  supplied  with  an  opposite  force. 
The  particles  must  be  able  to  move,  and  it  seems,  therefore, 
that  there  are  determinate  sides  in  every  molecule  which 
prefer  being  united  with  molecules  of  an  opposite  force.  In 
many  combinations,  when  observed  with  the  microscope,  we 
perceive  a vehement  rotation  of  the  particles,  before  they 
combine  with  each  other.*  This  fact  directly  demonstrates  a 
certain  property  of  polarisation,  an  action  of  the  force  of 
affinity  in  a determinate  direction,  influencing  an  opposite 
force  which  also  operates  in  a determinate  direction. 

That  this  must  necessarily  be  the  case,  will  appear  if  we 
examine  somewhat  more  deeply  the  nature  of  the  union  be- 
tween two  elementa  Potassium  and  oxygen  unite  by  means 
of  a force,  which  is  not  altogether  annihilated  after  the  com- 
bination, but  of  which  a part  still  remains  active  externally ; 
the  other  part  is  rendered  quiescent  by  the  mutual  counter- 
balancing of  two  opposite  forces.  A particle  of  potassium,  if 
it  be  an  indivisible  one,  must  be  placed  in  juxtaposition  with 
an  indivisible  particle  of  oxygen  in  this  manner : | Ka  [ 0 | 
Their  inter-penetration  is  impossible,  because  matter  does 
not  admit  of  penetration.  One  substance  can  by  no  means 
be  closely  wrapped  round  the  other,  in  the  form  either  of  a 
ring  or  of  a sphere,  for  in  that  case  the  enclosing  sphere 
could  not  be  regarded  as  an  indivisible  particle.  It  is  impos- 
sible that  the  one  should  be  distributed  in  particles  round 

* See  Hartlng  in  Bulletin  de  Neirlande.  1840.  P.  287. 
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the  other,  for  it  is  one  molecule  The  only  theory,  then, 
which  remains  for  adoption,  is  that  of  an  arrangement  of  the 
opposite  particles  betide  and  near  to  each  other.  If  we  sup- 
pose that  each  particle  of  potassium  and  oxygen  is  whoUy 
and  everywhere  supplied  in  the  same  degree,  with  the  forces 
(K)  and  (O),  the  effect  of  these  forces  will  be  to  produce  an 
approximation  of  the  molecules,  because  the  forces  are  oppo- 
site to  each  other,  and  the  strongest  attraction  will  take  place 
at  the  point  of  approximation ; in  other  words,  the  attract- 
ing forces  may  be  supposed  to  act  in  the  axis  of  two  spheres 

Such  a composite  molecule  can  be  united  with  molecules  of 
the  same  kind,  only  by  means  of  the  general  principle  of  at- 
traction. Potash  in  mass  is  bound  together  not  chemically, 
but  physically,  that  is,  by  the  universal  force  of  attraction 
or  cohesion.  For  the  mass  may  be  divided  into  smaller  parts 
without  disturbing  the  chemical  equilibritim. 

If  polarity  really  exists  in  the  simple  molecules,  so  must  it 
in  the  composite  molecules.  We  can  easily  imagine  this,  if 
the  substances,  composed  of  one  atom  of  each  element,  pro- 
duce a binary  combination,  as  in  the  case  of  potash ; but  it  is 
difficult  to  form  a conception  of  the  nature  of  the  combinsr 
tion,  when  two,  three,  or  more  molecules  of  one  element  are 
combined  with  one  or  two  molecules  of  another.  How,  for 
instance,  can  we  form  an  idea  of  the  polarity  of  sulphuric 
acid  (SO*)  and  of  phosphoric  acid  (FK)*)  ? 

Fig.  1. 


It  is  probable  that  the  molecules  of  oxygen,  being  here  the 
more  numerous,  are  arranged  round  the  molecules  of  sul- 
phur and  phosphorus  (8  and  P),  and  that  the  force  (K)  of  the 
latter  element  is  neutralised  by  a part  of  the  (0)  of  the  for- 
mer. But  we  cannot  conceive  how  by  any  probable  means 
(K)  can  be  distributed  in  S and  P,  or  what  may  remain  of 
(0),  capable  of  acting  and  manifesting  itself  externally. 
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In  every  case,  we  may  deem  it  probable  that  the  simple 
and  the  compound  molecules  arc  combined  together  in  de- 
tenninate  directions,  and  that  their  character  is  fixed  by  the 
form  which  the  compound  molecules  assume.  We  sec,  then, 
a determinate  relation  between  the  arrangement  of  molecules 
and  isomorphism,  between  the  number  of  atoms  and  the  form 
of  the  crystals  For  if  the  atoms  of  sulphuric  acid  and  selenic 
acid  are  arranged  in  the  same  manner,  we  can  conceive  that 
when  these  acids  combine  with  the  same  base  to  form  saltsi, 
the  same  form  of  crystals  may  be  produced,  although  we  can- 
not, d priori,  determine  from  that  arrangement  of  the  mo- 
lecules what  the  form  of  the  crystals  may  be. 

The  difficulty  we  have  noticed,  as  to  the  combination  of 
several  molecules  into  one  whole,  is  greatly  increased,  if  we 
endeavour  to  form  an  idea  of  that  state  of  polarisation  which 
exists  in  every  compound  organic  molecule.  We  cannot  ex- 
plain how  the  atoms  of  sugar  are  combined  together ; and  so 
with  every  other  organic  compound.  It  is,  however,  certain 
that  here  also  polarisation  exists ; because  in  crystallized  sugar 
two  equivalents  of  water  are  contained,  for 
which  two  equivalents  of  oxide  of  lead  (PbO)  may  be  substi- 
tuted. Hence  it  is  evident,  that  a constant  proportion  exists 
between  the  2 of  oxygen  in  2H0  and  2PbO,  and  the  9 of  ’ 
oxygen  in  C^2jj»0®. 

It  thus  appears  that  the  oxygen  of  the  sugar,  after  combin- 
ing with  carbon  and  hydrogen,  and  after  having  several  times 
neutralised  their  forces  (K),  has  forces  (0)  still  remaining  to 
oppose  to  water  or  to  oxide  of  lead,  these  in  their  turn  pos- 
sessing (K),  by  which  they  are  enabled  to  combine  with  the 
sugar.  The  other  elements  of  the  sugar  leave  to  the  9 atoms 
of  oxygen,  after  subtraction  of  the  quantity  applied  to  the  neu- 
tralisation of  the  carbon  and  hydrogen,  as  much  force  as  en- 
ables it  to  combine  with  the  same  quantity  of  oxide  of  lead 
as  can  be  attracted  by  two  of  sulphuric  acid  (280^),  thus : — 

require  2PbO. 

2S08,  ...  2PbO. 

If,  then,  we  assume  a state  of  polarisation  in  the  elements  of 
sulphuric  acid  and  oxide  of  lead,  and  if  we  imagine,  that  rcsul- 
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tants  of  all  the  forces  which  reside  respectively  in  oxygen  and 
lead,  and  in  oxygen  and  sulphur,  are  developed — resultants 
which  influence  each  other,  though  co-operating  as  a whole — 
we  cannot  form  any  other  idea,  than  that  a similar  resultant 
proceeds  from  the  elements  of  sugar,  directly  the  opposite  of 
that  which  proceeds  from  the  atoms  of  the  oxide  of  lead. 
We  cannot,  however,  determine,  with  any  probability,  how 
this  resultant  may  be  obtained. 

There  is,  however,  a class  of  organic  substances,  in  which 
this  division  into  groups  is  obvious,  namely,  those  substances  of 
which  we  know  the  radicals,  acetyl,  formyl,  ethyl,  methyl,  &c 
We  attempt  in  vain  to  form  an  idea  of  the  various  substances, 
of  which  the  radicals  are  still  unknown ; as,  for  instance, 
sugar.  If  a simple  substance  can  combine,  with  but  one  atom 
Ilf  another,  such  a substance  is  probably  unipolar,  if  with  two, 
bipolar,  &c.  And  so  with  more  compound  substances  It  is 
therefore  likely  that  the  molecules  of  hi,  tri,  quadri,  quinti- 
. basic  acids  are  just  as  much  polaric  ; and  that 
^ in  a tribasic  acid,  for  instance,  the  three 


atoms  of  base  are  arranged  round  the  acid 
in  the  form  either  of  3 of  oxide  or  of  water 
(3R0  or  3H0),  or  2 of  oxide  and  one  of 
water  (2R0  + H0),  or  one  of  oxide  and  2 of 
water  (R0  + 21I0). 


C.  Tke  Influence  of  Circunutaneet  upon  Ckemictd  Forcee. 

We  may  employ  the  quantities  of  different  substances, 
which  can  combine  with  the  same  element^  to  express  the 
measures  of  the  chemical  forces,  which  reside  in  them.  Whe- 
ther one  substance  can  separate  another  from  its  combinations, 
may  be  ascertained  by  experiment  Now,  experiment  informs 
IIS  that  in  the  same  circumstances  different  bodies  possess  dif- 
ferent quantities  of  chemical  force.  For  instance,  sulphuretted 
hydrogen  is  decomposed  by  iodine,  and  sulphur  separated ; 
hydriodic  acid  by  bromine ; hydrobromic  acid  by  chlorine. 
These  simple  substances,  therefore,  stand  to  each  other  in 
this  order  of  affinity,  chlorine,  bromine,  iodine,  sulphur. 
So  witli  the  metals,  silver,  mercury,  copper,  lead,  and  zinc. 
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Each  is  precipitated  from  its  solution  by  that  which  follows 
it  in  this  order  of  succession.  There  is  thus  more  force  of  affi- 
nity in  each  of  the  subsequent,  than  in  each  of  the  preceding 
metals.  In  alkalies  the  affinity  for  sulphuric  acid  diminishes 
in  this  order — ^baryta,  strontia,  potash,  soda,  lime,  magnesia, 
ammonia 

The  chemical  forces,  however,  emanating  from  bodies, 
arc  modified  by  so  many  particular  circumstances,  that  it 
is  as  yet  impossible  to  lay  down  determinate  principles. 

r If,  for  instance,  any  substance  is  volatile,  it  is  easily 
liberated  from  its  combinationa  Carbonic  acid,  therefore, 
passes  off  very  quickly  ; and  even  hydrochloric  acid,  though 
much  more  powerful,  does  so,  because  it  is  volatile.  Phos- 
phoric acid  expels  ,even  sulphuric  acid,  because  it  is  un- 
affected by  fire.  Silicic  acid,  though  possessed  of  but  little 
power,  expels  many  other  acids  when  heat  is  applied,  because 
it  is  not  volatile. 

2“  If  any  substance  has  a tendency  to  produce  an  insolu- 
ble combination,  then  its  force  of  affinity  is  considerably  in- 
creased. Of  this  we  have  a striking  example,  in  carbonate 
and  acetate  of  potasL  If  carbonate  of  potash  is  dissolved  in 
water,  the  carbonic  acid  is  expelled  by  acetic  acid  ; but  ace- 
tate of  potash,  if  dissolved  in  alcohol,  is  decomposed  by  a 
stream  of  carbonic  acid,  because  carbonate  of  potash  is  in- 
soluble in  alcohol  If  a double  decomposition  take  place,  the 
bases  and  acids  are  always  arranged  and  combined  together 
in  that  order,  in  which  the  least  soluble  salts  are  produced. 

3°  It  is  a remarkable  peculiarity  in  the  modification  of  affi- 
nity by  the  influence  of  circumstances,  that  many  combinations 
are  much  more  easily  effected,  if  some  other  substances  must 
first  be  separated,  than  if  the  substances  are  brought  into  mu- 
tual contact  in  an  uncombined  state.  Lime,  if  quite  dry,  does 
not  absorb  carbonic  acid,  though  hydrate  of  lime  does  so  very 
easily.  Oxide  of  ethyl  does  not  combine  directly  with  acids ; 
but  it  does  combine  if  the  acid  be  made  first  to  separate  water 
(HO)  from  alcohol,  and  thus  to  form  the  ethyl  with  which  it 
is  to  combine.  If  a metal  is  dissolved  in  hydrochloric  acid, 
the  metal  (M)  is  sub.stituted  for  the  hydrogen  (H)  of  the  acid. 
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fur  MCl+H  is  prodaced  bj  M+CIH.  In  this  case  Cl  and  M 
are  easily  combined,  because  M is  substituted  for  H,  though  it 
is  often  very  difficult  to  unite  M directly  to  CL  It  is  probable, 
that  the  double  decomposition  is  very  much  promoted  by  the 
double  substitution  which  then  takes  place  (Graham).  In 
Graham’s  opinion,  the  power  which  the  hydrates  of  silica  and 
alumina  have  of  forming  combinations,  ought  also  to  be  as- 
cribed to  substitution,  since  the  same  substances,  after  being 
subjected  to  a red  heat,  scarcely  combine  with  other  bodies 
at  all 

4°  Mutual  decomposition  of  two  salts  takes  place,  not  only 
when  one  or  both  of  them  become  insoluble,  but  also  when  one 
of  the  two  new  products,  or  both,  are  less  soluble  than  those 
which  were  originally  employed.  Such  is  the  case  when  solu- 
tions of  sulphate  of  soda  and  nitrate  of  potash  are  mixed  to- 
gether. If  sulphate  of  copper  be  mixed  with  chloride  of  so- 
dium, the  blue  colour  is  changed  into  green,  which  proves  the 
formation  of  chloride  of  copper.  It  is  possible,  however,  that 
this  may  result  from  mere  affinity,  because  sulphate  of  copper 
can  be  decomposed  by  hydro-chloric  acid,  and  chloride  of  so- 
dium by  sulphuric  acid. 

5°  Pressure  is  another  circumstance,  which  influences  chemi- 
cal forces.  If  it  be  very  great,  no  hydrogen  is  disengaged  from 
dilated  sulphuric  acid  and  zinc.  If  the  vessel  be  closed,  the 
evolution  of  gas  is  diminished  and  finally  stopped ; but  it 
b^ins  again,  whenever  the  vessel  is  opened. 

6°  If  carbonate  of  lime  is  heated  in  a close  vessel,  none  of 
the  carbonic  acid  is  disengaged ; but  it  is  otherwise  when  car- 
bonate of  lime  is  heated  in  the  air,  at  least  in  the  uppermost 
layers  «f  heated  air.  But  if  atmospheric  air  or  steam  be  con- 
veyed through  a tube,  which  contains  carbonate  of  lime,  then 
all  the  carbonic  acid  passes  ofi*.  If  hydrogen  pass  over  red- 
hot  oxide  of  iron,  water  and  iron  are  produced ; and  if  steam 
pass  over  red-hot  iron,  hydrogen  and  oxide  of  iron  result.  In 
this  case  the  affinity  is  modified  by  the  atmospheric  air,  which 
surrounds  the  substance ; and  this  phenomenon  is  thus  re- 
lated to  the  diffusion  of  gases. 

It  appears,  then,  that  a considerable  part  of  what  Ave  see 
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as  to  the  inclination  of  substances  to  combine  or  to  separate 
is  to  be  ascribed  to  the  influence  of  circumstances.  To 
effect  a combination,  it  is  necessary  that  the  chemical  forces, 
included  in  the  substance,  should  be  either  excited  or  elevated 
to  a determinate  degree.  It  is  only  thus  that  we  can  con- 
ceive, how  a molecule  can  acquire  the  power  to  combine  with 
1 , 2,  3,  4,  &C.,  molecules  of  another  substance,  so  as  to  pro- 
duce well-defined  chemical  compounds.  The  quantities  of 
chemical  forces  are  thus  graduated,  os  it  were,  and  sub- 
stances are  combined  in  proportions,  which  depend  on  the 
quantity  of  those  forces;  such  coinbinations,  however,  do 
not  occur  until  two  opposite  forces  arc  excited  to  a certain 
degree  by  the  influence  tif  determinate  circumstances.  If,  for 
instance,  iron  be  slightly  heated  in  the  air,  the  protoxide 
(FcO)  is  produced ; if  it  be  heated  to  a greater  degree,  the 
l>eroxidc  (Fe^O®).  Why  do  the  same  iron  and  oxygen  com- 
bine together  in  two  different  proportions  by  means  of  the 
same  agent,  heat  ? 

If  we  suppo.se,  that  at  the  ordinary  temperature  iron  has  a 
tendency  to  combine  with  oxygtm,  and  vice  versa,  but  that 
there  exists  no  proportion  at  all  between  the  quantities  of  the 
forces,  (K)  and  (0),  which  reside  in  them  respectively,  then 
the  iron  would  not  enter  into  combination.  This  is  what  we 
observe  in  dry  air.  If  the  iron  be  heated,  its  force  (K)  is 
excited,  and  so  is  the  force  (0)  in  the  oxygen,  when  in  con- 
tact with  the  heated  iron.  A combination  of  the  opiH>site 
forces,  and  consequently  a combination  of  the  iron  and  the 
oxygen  (Fc  and  0),  occurs  only  in  the  casi5  whore  both  forces 
increase  to  such  a degree,  that  they  both  rcadi  an  equally 
high  maximum,  with  reference  to  the  circumstances  in  which 
they  exist  A dull  red  heat  makes  these  forces  increase  to  a 
limited  maximum  only.  If  we  heat  FcO  and  0 to  a still 
greater  degree,  these  forces  got  a new  increase,  and  Fc^O^  is 
formed  only  when  the  forces  of  Fe  and  0 have  attained  a new 
maximum. 

As  to  the  production  of  some  other  compounds,  we  must 
adopt  a different  principle.  If,  for  instance,  sulphur  is  to  be 
oxidized  into  S02  and  SO®, — sulphurous  and  sulphuric  acid 
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— then  the  sulphur  must  in  each  case  be  placed  in  peculiar 
circumstances.  When  sulphur  is  burned  in  the  air,  the  ele- 
vated temperature  alTects  S with  (K),  and  oxygen  with  (0)  ; 
in  other  words,  the  forces  resident  in  sulphur  and  oxygen, 
must  be  excited  in  such  a manner  that  S is  combined  with 
0-.  Tlic  oxidation  int*'  sulphuric  acid  (SO*)  is  effected  in 
a different  way.  Sulphurous  acid  (SO*)  is  brought  into  con- 
tact with  a substance  possessing  energy,  and  which  is  known 
to  have  the  power  of  exciting  action  in  other  substances, 
and  even  of  itself  giving  off  1 equiv.  of  oxygen,  namely,  with 
hyponitrous  acid  (NO*).  S(J*  is  thus  predisj>oscd  to  take 
up  O again  ; NO*  excites  new  forces  in  SO*,  and  the  com- 
bmation  of  0 with  SO*  is  effected  in  the  same  manner,  as 
that  of  gold  with  clilorinc,  by  the  contact  of  the  gold  with 
chlon  (-nitrous  acid  (aqua  r^a).  This  result  is  attained  be- 
cause 1 e<iuiv.  of  oxygon  very  easily  escapes  from  the  hypo- 
nitrous  acid  (NO*),  which  it  contains,  and  this  oxygen,  being 
in  the  naxmt  state,  retains  that  force  by  which  it  was  pre- 
viously koj)!  in  combination  with  NO*.  As  regards  the 
gold,  it  is  NO*  also  which  excites  the  force  in  this  metal,  pro- 
ducing its  combination  with  Cl,  or  with  a substance  which 
possesses  the  (O)  force. 

Phosphorus  may  be  combined  with  0*  at  the  ordinary  tem- 
perature, and  the  product  is  phosphorous  acid.  To  form  PO*, 
phosphoric  acid,  however,  a mure  elevated  temperature  than 
that  necessary  fur  combustion  is  required. 

The  predisposition  either  of  simple  or  of  compound  sub- 
stances to  form  new  combinations,  the  excitation  of  the  forces 
resident  in  them,  and  which  were  neutralised  so  as  to  be 
wholly  or  partly  imperceptible  externally,  is  produced  some- 
times by  one,  sometimes  by  another  circumstance,  often  by 
the  influence  either  of  a different  substance  or  of  a certain 
temperature,  or  of  light,  or  of  electricity.  We  learn  from 
experiment  that  the  excitation  of  forces  takes  place  so,  that 
determinate  and  constant  combinations  arc  produced.  It  is, 
therefore,  necessary  that  the  measure  of  the  opposite  forces, 
which  are  excited,  should  be  a constant  one  also ; at  least  a 
maximum  of  both  the  opposite  forces  must  be  i>roduced,  be- , 
fore  any  combination  can  result,  though  the  forces  may  in- 
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crease  with  the  increasing  influence  of  circumstances.  This 
maximum  may  be  superseded  again  by  other  circumstances, 
producing  a new  combination  of  the  elementa 

D.  Catalytu : Molecules  in  Motion. 

Berzelius  lias  directed  our  attention  to  a power,  which 
some  substances  possess,  of  exciting  chemical  action  by  their 
presence,  though  they  themselves  are  exempt  from  the  efiects 
of  such  actioii.  This  power  he  calls  Catalysia*  It  is  distin- 
guished from  ordinary  chemical  force,  in  so  far  as  the  latter, 
while  it  is  exerted  by  one  substance  upon  another,  yet  gene- 
rally reacts  upon  both.  If  sulphuric  acid  acts  upon  soda,  an 
action  is  eifected  by  both,  which  reacts  upon  botL  If  oxygen 
come  in  contact  with  phosphorus,  at  an  elevated  temperature, 
then  they  are  mutually  combined.  Though  the  action  might 
have  proceeded  from  the  oxygen  to  the  phosphorus,  the  oxy- 
gen nevertheless  is  drawn  within  the  circle  of  action. 

The  effect  of  catalysing  substances  is  entirely  different 
Spongy  platinum  condenses  hydrogen  ; and  so  soon  as  oxygen 
comes  in  contact  with  it,  water  is  produced,  while  the  spongy 
platinum  undergoes  no  change.  Hundreds  of  pounds  of  hy- 
drogen and  oxygen  may  be  combined  together  by  means  of  a 
small  piece  of  spongy  platinum.  Thus  the  platinum  pro- 
duces a force,  which  influences  at  once  the  hydrogen  and 
the  oxygen,  and  causes  an  action,  from  which  the  platinum 
itself  is  exempted.  Such  is  the  force  which  Berzelius  calls 
catalysis. 

The  greater  part  of  the  substances,  which  excite  chemical 
action  in  other  bodies,  and  are  themselves  involved  in  the  reac- 
tion, are  undoubtedly  affected  by  this  catalysia  Possibly  cata- 
lysis may  always  be  present  among  chemical  causes,  so  that,  if 
SO®  and  NaO — sulphuric  acid  and  soda — for  instance,  are  com- 
bined together,  a force  proceeds  both  from  SO®  and  from 
NaO,  each  of  which  is  similar  to  that  proceeding  from  plati- 
num, when  in  contact  with  certain  gases.  Catalysis  might 
be  defined  as  the  exciting  cause  of  chemical  action,  and  this 
excitation  may  take  place  whether  the  exciting  substance  be 
contained  in  the  circle  of  action  or  not.  We  reckon,  how- 
* Jahrbuch  fur  183S,  von  Schumacher,  p 8S. 
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ever,  as  pure  catalytic  phenomena,  only  those  in  which  the 
substances  provoking  the  combination  do  not  enter  into  that 
circle.  Those  bodies  thus  possess  the  power  of  exciting,  but 
have  not  the  property  of  sharing  in  the  combination  which  is 
the  result  of  their  action. 

This  force  is  possessed,  not  only  by  spongy  platinum,  but 
by  platinum  in  substance ; for  if  a piece  of  platinum  foil 
be  placed  in  a mixture  of  hydrogen  and  oxygen,  the 
gases,  as  they  pass  along  its  surface,  form  small  quantities  of 
water,  so  that  in  a few  hours  all  the  gas  has  disappeared, 
and  water  has  taken  its  place. 

Nor  is  platinum  the  only  metal  which  has  this  property. 
Every  substance  which  is  porous,  is  possessed  of  it  in  a greater 
or  less  d^ree.  Thenard  and  Dulong  have  detailed  a great 
many  experiments  on  the  subject,  and  have  demonstrated, 
that  this  property  belongs  even  to  glass  when  pulverised,  but 
only  at  a somewhat  elevated  temperature  — namely,  at 
572^  F.,  and  to  gold  and  silver  at  a lower  temperature.  It 
had  previously  been  discovered  by  Sir  Humphry  Davy,  that 
platinum,  if  placed  in  the  vapour  either  of  alcohol  or  of  ether, 
began  to  glow,  and  caused  a combination  between  the  vapour 
and  the  oxygen  of  the  air.  Spongy  platinum  was  afterwards 
discovered  by  Edmund  Davy,  who  observed  that  it  possessed 
this  property  in  so  high  a degree,  that  if  the  platinum  was 
moistened  with  alcohol,  acetic  acid  was  produced  from  the 
alcohol  while  the  platinum  was  glowing.  Before  the  disco- 
very of  Thenard  and  Dulong,  it  had  been  remarked  by  Db- 
bereiner  that  hydrogen  and  oxygen  could  be  combined  to- 
gether by  means  of  spongy  platinum.  This  discovery  was 
extended  by  the  two  former  to  several  other  substancea 
The  effect  of  deutoxide  of  hydrogen,  (HO^),  when  in  con- 
tact with  various  substances,  has  been  classed  by  Berzelius 
with  the  same  series  of  phenomena  It  explodes,  if  brought 
in  contact  with  platinum,  silver,  peroxide  of  manganese,  and 
even  with  organic  substances,  such  as  fibrin.  Oxygen  is  dis- 
engaged, and  water  (HO)  remains*.  In  every  case,  where 

* It  is  now  known  that  at  the  same  time  part  of  the  oxygen  is  combined 
with  the  fibrin,  and  oxy-protein  produced.  (Scheikundige  Onderaoekingen, 
by  Mnider,  D.  1.) 
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the  solid  substance  can  combine  with  the  whole  quantity  of 
oxygen,  there  is  of  course  only  an  orduiary  chemical  action  ; 
but  if  this  combination  does  not  take  place,  and  if  the  action 
occurs  on  contact  simply,  the  phenomenon  is  that  which 
Berzelius  calls- catalysis. 

This  term  ought  further  to  be  used  with  referenee  to  the 
change  of  alcohol  into  ether,  by  means  of  acids.  Hydrate  of 
sulphuric  acid — the  common  oil  of  vitriol  of  the  shoj^s — into 
which  alcohol  is  dropped  at  an  elevated  temperature,  is  not 
diluted  by  the  water  produced,  but  a mixture  of  oxide  of  ethyl 
and  water  distills  off  Sulphuric  acid,  therefore,  catalyses  at 
that  temperature  the  elements  of  alcohol  into  oxide  of  ethyl 
and  water,  without  itself  combining  with  either.  The  same 
effect  is  produced  by  other  acids,  especially  if  they  are  power- 
ful To  the  same  class  we  refer  the  changes,  produci  -d  on 
starch  by  sulphuric  acid,  transforming  it  either  into  dextrine 
or  into  sugar — the  changes  which  are  produced  by  acids  on 
starch,  gum,  sugar,  forming  humic  acid,  ulmic  acid,  and  for- 
mic acid — and  also  the  action  of  emulsine  upon  amygdalina 
Several  other  phenomena,  besides,  are  referred  by  Berzelius  to 
the  same  class — phenomena  ascribed  to  organic  chemistrj- — 
as  for  instance,  the  transformation  of  starch  into  gum  and  su- 
gar by  diastase,  the  transformation  of  sugar  into  carbonic  acid 
and  alcohol  by  yeast,  and  al.so  the  changes  which  take  place  in 
the  bodies  of  animals  and  plants.  Transformation  by  diastase 
ought  doubtless  to  be  classed  with  these  phenomena  An  ex- 
ceedingly small  quantity  of  this  substance  changes  a large 
quantity  of  starch  into  gum  and  sugar ; but  it  is  also  possible 
that  the  diastase  itself  is  at  the  same  time  acted  upon,  and 
that  thus  we  have,  in  this  instance,  no  pure  catalysia  This 
is  the  case  especially  with  yeast,  which,  during  fermentation, 
changes  sugar  into  carbonic  acid  and  alcohol,  and  probably  il 
is  much  more  so  in  the  animal  secretiona 

Founding  on  these  considerations,  Liebig  has  been  led  to 
reject  catalysis  entirely,*  and  to  give  a totally  different  exjda- 
nation  of  the  facts.  He  has  a**umed,  that  chemical  forces  are 
in  action  in  those  substances,  which,  according  to  the  supposi- 
* Cbimlc  Organique.  Introduction. 
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Uffl  o(  BemVius,  are  svifEiciently  capable  of  exciting  action, 
tiwoghvritliout  taking  part  in  tVia.t  action ; and  he  thinks,  that 
Iqf  such  chemical  action,  anotlier  may  be  excited  in  other  sub- 
■tancea  He  adopts  t\ie  principle,  indicated  by  Laplace  and 
BeithoUet,  that  a molecule,  being  put  in  motion,  can  com- 
municate its  motion  to  otliers,  if  in  contact  with  them.  lie 
spflics  this  principle  to  yeast  especially.  The  opinion  of 
Benelius  is,  that  sugar  is  changed  into  carbonic  acid  and 
ilcohol  hy  this  substance,  just  in  the  same  manner  as  alcohol 
is  changed  into  etber  and.  water  by  sulphuric  acid  ; and  as 
water  is  produced  from  hydrogen  and  oxygen  by  platinum. 
Liebig,  however,  assumes  that  yeast  is  continually  in  a state 
of  decomposition  •,  that  it  thus  undergoes  a change  in  its  own 
elements,  and  that,  if  put  in  contact  with  sugar  and  water, 
it  disturbs  the  chemical  forces,  by  which  the  elements  of 
sugar  are  combined  together,  and  so  produces  alcohol  and 
carbonic  acid ; — ^this  disturbance  being  caused  by  the  change 
in  the  elements  of  the  yeast,  which  follows  the  disturbance  of 
its  chemical  equihbrium. 

Though  it  seems  to  be  proved,  that  yeast  is  really  changed 
during  the  alcoholic  fermentation,  and  cannot  therefore  be 
said  to  act  by  catalysis,  yet  this  series  of  chemical  phenomena 
is  not  reducible  to  any  class  of  ordinary  phenomena,  and  we 
are  consequently  obliged  to  assume  three  diflFerent  forms  of 
chemical  action. 

1st,  That  which  is  effected  by  a substance,  without  any  re- 
action, hilt  which  is  transferred  to  other  substances  ( catalytic ). 

2d,  That  which  is  effected  by  certain  substances  and  trans- 
ferred to  others ; the  primary  substances  being  at  the  same 
time  decomposed,  though  they  do  not  communicate  any  of 
their  elements  to  the  new  products  (fermentation ). 

3d,  That  which  is  effected  by  certain  bodies,  but  which 
produces  a complete  reaction  upon  the  bodies  themselves,  so 
that  common  products  result  from  both  the  active  or  influ- 
encing substances,  and  those  which  are  acted  upon  ( ordinary 
ekemiad  action  ). 

We  have  already  treated  sufficiently  of  the  third  cause  of 
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action ; we  must  dwell,  however,  more  particularly  on  the  first 
and  second. 

Catalyei*.  In  our  opinion  it  is  not  to  be  denied,  that  a 
particular  action  must  proceed  from  spongy  platinum,  or  from 
platinum  in  mass,  when  hydrogen  and  oxygen  combine  to 
form  water — ^from  sulphuric  or  any  other  acid,  when  oxide  of 
ethyl  is  produced — in  the  transformation  of  starch  into  gum 
and  sugar  by  sulphuric  acid — in  the  change  of  sugar  into 
humin  by  diluted  acids.  This  action  differs  in  character 
from  ordinary  chemical  action.  In  the  latter  case  the  sub- 
stance, from  which  the  action  proceeds,  is  always  itself  com- 
prised within  the  circle  of  effects,  and  generally  enters  into 
new  combinations  There  are,  however,  a great  many  similar 
actions,  which  are  erroneously  referred  to  ordinary  chemical 
action.  If,  for  instance,  gold  or  platinum  be  dissolved  in 
aqua-regia,  hyponitrous  acid  (NO^)  takes  no  part  in  the 
combination.  Either  NO^  or  some  other  powerfully  acting 
substance,  however,  is  indispensably  necessary  to  produce 
the  combination  of  chlorine  with  gold  or  platinum.  A still 
more  striking  example  is  afforded  in  what  has  already  been 
mentioned,  namely,  that  the  presence  of  a third  substance  is 
often  required  for  the  production  of  a combination,  though  it 
be  separated  after  the  combination  has  taken  place — as  in 
lime,  water,  and  carbonic  acid  (see  above,  p.  24).  The  water, 
in  this  case,  is  required  for  effecting  the  union  between 
carbonic  acid  and  lime,  and  will,  notwithstanding,  soon  be 
separated.  It  does  not  enter  into  the  combination  which 
results. 

Whatsoever  name  we  may  give  to  this  acting  cause,  it  can- 
not be  denied,  that  there  are  a great  many  substances  which 
predispose  others  to  combination,  enabling  the  latter  thus  to 
enter  into  combinations,  which  without  their  agency  oonld 
not  take  place.  The  action  which  Berzelius  has  distinguished 
by  the  name  of  catalysis,  is  thus  a peculiar  mode  of  exciting 
a chemical  action. 

What  conception  ought  we  to  form  of  this  catalysing  action  f 

Some  molecular  forces  are  hidden  in  the  elomenta  Op-  ' 
these  forces  we  know  to  possess  the  great  power,  of  p" 
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combinations  between  dissimilar  substances.  8ucli  forces 
generskily  proceed  from  the  verj  substances  on  which  they  re- 
act. C&talysis  b precisely  the  same  force,  without  the  reac- 
tion, however,  on  the  substances  whence  it  proceeda 

If  we  transmit  a small  electric  spark  through  a mixture  of 
hydrogen  and  oxygen,  in  a gaseous  state,  the  whole  is  imme- 
diately combined  Two  molecules— one  of  each — first  com- 
bine, and  from  these  the  action  is  communicated  to  the  whole. 
They  hawe  been  called  by  Li^lace  and  Berthollet,  moUcuiet  {» 
matioit.  We  perceive,  however,  in  this  example  an  action 
proceeding  from  two  molecules  of  hydrogen  and  oxygen,  and 
transferring  itself  to  thousands  of  molecules  of  the  same  ele- 
ments ; but  the  particles  originally  affected  by  the  electrical 
spark  are  not  involved  in  the  subsequent  action. 

Something  of  a similar  kind  we  observe  in  catalysia  Spongy 
{AatVnnin  does  not  enter  into  the  combination  of  hydrogen  and 
oxygen.  We  see,  however,  this  difference  between  the  case  in 
which  combination  is  effected  by  means  of  platinum,  and  that 
in  which  it  is  effected  by  an  electrical  spark — the  particles  of 
platinum  are  in  the  state  of  moving  molecules,  no  influence 
apparently  being  exercised  by  external  causea 

It  would  be  an  interesting  experiment,  to  expose  spongy 
platinum  to  a mixture  of  hydrogen  and  oxygen,  reduced  to  a 
very  low  temperature,  with  the  view  of  ascertaining  whether 
platinum  would  then  possess  the  same  power.  It  is  probable 
that  the  metal  would  not  retain  this  property  at  every  tem- 
perature. Nay,  it  is  certain  that  pulverised  glass  produces  the 
combination  of  these  elements,  but  not  at  a lower  temperature 
than  572“  P. — thus  acquiring  at  572?  P,,  the  same  power  which 
platinum  possesses  at  the  or^dnary  temperatures.  A neutral 
mhsUmoe  may  therefore  he  made  equal  to  platinum,  by  an 
elevation  of  tempemtnre.  It  is  further  known,  that  a deter- 
minate temperature  is  ret^oixed  to  convert  alcohol  into  oxide 
of  ethyl  and  water,  "by  means  of  solphuiic  acid  •,  that  humin 
M formed  from  sugai  \>y  means  of  an^vd,  but  not  at  ereiy 
temperature  ; that  the  power  w'  jj^'c  acid  possesses, 
of  cunverting  ststreh  into  gurr  pot  unliioited,  but 

d>«  a determinate  temper  for  that  purpose, 
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If,  in  this  manner,  we  go  over  the  series  of  catalytic  phe- 
nomena, we  observe  that  the  influence  of  temperature  is  almost 
always  indispensable. 

Now,  it  is  known,  from  abundant  experience,  that  heat  has 
the  power,  greatly  to  modify  the  chemical  forces  resident  in 
substancea  This  is  veiy  clearly  shown  by  the  innumerable 
products,  obtained  by  dry  distillation  at  different  tempera- 
tures. If,  then,  the  influence  of  heat  on  the  substances,  said 
to  be  catalysed,  be  communicated  to  them  by  the  catalysing 
substance, — if  it  be  the  heat,  for  instance,  which  causes  oxide 
of  ethyl  and  water  to  be  produced  from  alcohol,  but  if  that 
heat  must  be  communicated  to  the  elements  of  alcohol  by 
means  of  an  acid, — should  the  heat,  in  this  case,  prefer  such 
a medium, — the  idea  of  catalysis  contains  nothing  repugnant 
to  acknowledged  principles. 

However  this  may  be,  it  cannot  be  denied,  that  there  are 
many  cases  in  which  chemical  action  proceeds  from  a sub- 
stance, which  is  not  itself  comprehended  within  the  circle  of 
such  action.  Although  this  be  a deviation  from  ordinary 
chemical  action,  the  idea  seems  not  to  be  opposed  to  any 
sound  principle,  and  creates  no  greater  difficulty  than  occurs 
in  the  case,  where  all  the  substances,  which  excite  any  action, 
enter  into  the  combination. 

The  peculiar  property  of  spongy  platinum  has  been  called, 
by  some  philosophers,  surface  action.  To  this  action  they 
have  ascribed  every  phenomenon,  similar  to  that  produced  by 
the  peculiar  influence  of  spongy  platinum.  I must  confess, 
that  I understand  the  meaning  of  surface  action  as  little,  as 
I do  that  of  contact  action.  A surface  cannot  produce  an 
action  ; that  must  necessarily  be  effected  by  matter — by  the 
forces  imparted  to  matter,  which  manifest  themselves  under 
certain  circumstances,  especially  when  the  matter  is  minutely 
divided, — though,  under  other  conditions,  the  same  forces  are 
quiescent  We  should,  I think,  approach  nearer  the  truth, 
by  inverting  our  conception  of  the  subject,  and  assuming,  not 
that  substances  obtain  a new  power  by  minute  division,  but, 
on  the  contrary,  that  by  their  accumulation  into  masses  they 
become  powerless, — that  the  forces  present  in  the  molecules 
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are  preTcnted  from  acting,  being  reduced  to  a state  of  quies- 
cenca  When  Lrun  U in  mass,  it  shows  but  a slight  tendency 
to  oxidation ; but  when  minutely  diAuded,  it  cannot  possibly 
be  brought  even  in  contact  with  atmospheric  air,  at  a low 
temperature,  without  becoming  red-hot,  and  at  the  same  time 
becoming  converted  into  an  oxide.  Cobalt,  nickel,  and  ura- 
nium possess  the  same  property  (Magnus).  It  is  true,  that 
in  these  spongy  bodies,  obtained  by  reducing  their  oxides 
by  means  of  hydrogen  at  the  lowest  possible  temperature,  the 
oxygen  from  the  atmosphere  is  apt  quickly  to  condense ; but 
is  this  condensation  an  effect,  produced  by  the  iron  in  the 
metallic  state,  or  by  something  else — by  a power  dwelling  in 
the  matter,  i.  e.  the  iron,  or  by  a power  which  is  without  ? 
If  it  be  absurd  to  suppose,  that  this  power  is  present  in  any- 
thing but  the  iron,  then  the  power  coincides  with  chemical 
attraction.  It  verifies  the  proverb,  corpora  non  a^unt  nisi 
sUuta,  but  in  a more  definite  form,  corpora  non  agunt  nisi 
dicisa.  Chemical  action  operates  by  molecules,  not  by  masses. 
In  the  masses  the  chemical  forces  are  rendered  powerless  and 
quiescent  If  we  could  isolate  the  molecules  of  all  the  ele- 
ments, these  forces  would  show  their  potency  in  the  mole- 
cules. 

I see  no  reason  why,  with  re^rd  to  spongy  platinum,  that 
is,  platinum  so  minutely  divided  as  to  approach  the  molecular 
state,  I should  assume  that  anything  else  takes  place,  than  with 
regard  to  iron,  cobalt,  nickel,  and  uranium  in  the  same  spongy 
state.  On  the  contrary,  spongy  platinum  wants  something, 
which  the  others  possess.  Their  molecules  condense  gases 
around  themselves,  and  if  the  gas  be  oxygen,  this  condensa- 
tion is  almost  contemporaneous  with  the  oxidation  of  the 
metal.  Thus  one  molecular  action  is  succeeded  by  another, 
and  so  determinate  quantities  of  the  two  substances  become 
and  remain  united.  This  power  is  not  exercised  by  platinum, 
and  thus  it  possesses  one  power  less  than  iron.  This  mani- 
festation of  molecular  forces,  without  the  intervention  of  ex- 
ternal circumstances,  may  be  observed  in  every  element,  pro- 
tided  it  can  be  minutely  enough  divided.  There  is  a whole 
series  of  metals  which,  if  pulverized,  burn  away  in  chlorine 
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at  the  common  temperature.  The  power  of  exciting  a red 
heat,  and  of  combining  chemically,  exist  both  in  the  chlorine 
and  in  the  metal ; they  only  need  to  be  placed  in  proximity, 
and  forthwith  this  power  is  exhibited.  If  tartrate  of  lead  be 
heated  to  a proper  degree,  it  yields  lead,  in  a state  of  very 
minute  division  (C*H205+Pb0=C*0^+H202+Pb.)  Lead 
in  this  state  is  an  exceedingly  good  pyrophoric  substance ; 
when  it  comes  in  contact  with  the  atmosphere,  it  is  instan- 
taneously oxidized,  even  though  previously  saturated,  either 
with  carbonic  acid  or  with  nitrogen. 

Prom  the  whole  series  of  pyrophoric  substances,  we  learn 
still  more  clearly,  that  all  the  elements  manifest  their 
properties  energetically,  if,  when  in  a state  of  minute  divi- 
sion, they  are  only  brought  into  contact  Phosphorus  and 
liquid  bromine  cannot  be  brought  into  contact,  without  enter- 
ing vehemently  into  combination..  If  a solution  of  phospho- 
rus in  bi-sulphuret  of  carbon,  be  poured  upon  paper,  and  ex- 
posed to  the  air,  the  sulphuret  evaporates,  and  the  phospho- 
rus remains  in  a state  of  minute  division.  Whenever  this 
operation  is  completed,  the  phosphorus  absorbs  oxygen  from 
the  atmosphere,  evolves  heat,  produces  phosphoric  acid  (PO®), 
and  the  paper  bums 

In  all  these  phenomena,  nothing  is  visible  but  molecular 
action,  which,  however,  has  been  called  chemical  This  action 
cannot  proceed  from  masses,  because  the  molecules,  placed  in 
close  juxta-position,  counterbalance  each  other.  Chemical 
bodies,  therefore,  in  a chemical  point  of  view,  are  entirely 
different  from  what  they  appear  to  be  when  in  mass. 

There  is  another  substance  also,  which  deserves  particular 
notice,  to  wit:  finely  powdered  charcoal  Its  well  known 
power  of  condensing  gases  and  retaining  metallic  salts,  colour- 
ing matter,  &c.,  is  ascribed  to  a surface  action.  There  are, 
however,  in  regard  to  this  substance,  so  many  cases  in  which 
we  perceive  a real  chemical  action,  that  we  can  have  no 
doubt  of  the  proper  cause.  Thus  we  find  that  when  a mass 
of  charcoal,  recently  made  red-hot,  and  allowed  to  cool  in 
vacuo,  is  exposed  to  the  air,  it  takes  fire  ; so  when  sulphuret- 
ted hydrogen  and  oxygen  are  absorbed  together  by  charcoal. 
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water  ia  produced,  and  sulphur  separated  ; and  when  a solu- 
tion of  acetate  of  lead  is  filtered  through  charcoal,  metallic 
lead,  combined  with  the  charcoal,  remains  behind. 

We  may  therefore  assume,  that  these  well  known  properties 
of  charcoal  correspond  with  the  chemical  tendencies  of  the 
molecules  of  carbon  in  the  porous  charcoal,  the  molecules 
not  being  rendered  inefficient  by  aggregation. 

Platinum  possesses  chemical  tendency  in  a high  degree,  but 
it  is  of  such  a kind,  that  it  does  not  react  upon  the  platinum. 
When  in  mass,  the  metal  is  no  more  devoid  of  that  tendency 
than  the  iron  in  a similar  state  is,  of  the  power  of  attractiQg 
and  combining  with  oxygen. 

Hence,  it  may  be  inferred,  that  we  have  good  reason  for 
distinguishing,  by  a peculiar  name,  such  actions,  as  proceed 
from  certain  substances  without  reacting  upon  themselves ; 
and  we  have  to  acknowledge  that  to  the  introduction,  by 
Berzelius,  of  the  peculiar  term  eatalytU,  we  are  indebted  for 
a more  correct  idea  of  the  nature  of  ordinary  chemical 
action. 

What  is  called  the  natceni  ttat«  of  substances,  is  that  con- 
dition of  the  elements,  in  which  they  exhibit  both  analytic 
and  catalytic  phenomena ; in  which,  being  free  and  uncon- 
strained, not  rendered  powerless,  either  by  being  agglome- 
rated into  masses,  or  by  combination  into  compoimds,  they 
show  themselves  in  their  proper  chemical  condition — ^that  is, 
an  active  one,  in  which  they  can  operate  upon  others,  excite 
a slumbering  energy,  and  cause  combinations  and  decomposi- 
tions, in  which  they  themselves  may  either  participate  or  not 

This  nascent  is  the  real  chemcal  state  of  bodiea  In  that 
state  both  the  elements  and  the  compounds  exhibit  them- 
selves in  their  true  character.  In  the  oiganic  kingdom  the 
greater  number  of  substances  are  actually  in  that  condition  ; 
and  to  this  nascent  Oats  we  ought  to  ascribe  the  numerous  pe- 
culiar phenomena,  apparent  in  organic  substancea 

It  seems  to  me,  that  we  ought  to  take  what  has  been  called 
by  Liebig  motion  of  molecules,  in  a sense  corresponding  with 
the  view  now  stated.  Activity,  in  a chemical  sense,  indeed, 
cannot  be  excited  by  mere  motion ; but  one  chemical  energy 
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is  awakened  by  another ; the  chemical  equilibrium  is  dis- 
turbed, the  influence  of  cohesion  is  broken,  and  the  elements 
are  brought  back  to  their  free  and  proper  chemical  and  mole- 
cular condition. 

Ditturbance  of  chemical  equilibrium.  It  is  a property  of  the 
chemical  forces,  which  are  active  in  any  substances,  to  excite 
analogous  forces  in  others.  We  notice  this  especially  in 
organic  nature,  and  it  is  nowhere  more  strikingly  illustrated, 
than  in  the  nutrition  of  animals.  Blood,  a homogeneous 
fluid,  circulates  through  very  different  parts  of  the  body.  In 
the  muscles  it  sustains  muscles,  in  the  liver  it  supplies  the 
component  parts  of  the  liver,  and  from  it  the  gall  is  there  se- 
creted ; in  the  kidneys  it  maintains  their  various  parts,  and 
secretes  the  urine,  &c.  None  of  these  secretions  appear  in  the 
blood  with  their  peculiar  qualities  ; of  some  of  them  not  even 
a trace  is  found  in  it.  But  the  four  organic  elements  of  the 
whole  are  to  be  found  in  protein  and  its  combinations,  in  the 
colouring  matter  of  the  blood,  &a  The  elements  of  protein 
might,  no  doubt,  be  transposed  in  the  liver,  &c.,  by  means  of 
catalysis,  and  so  the  component  parts  of  the  liver  and  gall  be 
produced  from  it  It  would  only  be  necessary,  then,  that  the 
constituent  parts  of  the  liver  should  be  put  in  contact  with 
the  component  parts  of  the  blood,  and  the  forces  of  affinity, 
resident  in  the  substance  of  the  liver,  &c.,  would  not  require 
to  influence  those  in  the  protein,  or  to  produce  any  chemical 
alteration  in  its  component  parts. 

Other  causes,  however,  ought  undoubtedly  to  be  considered 
For  instance,  a change  of  its  comiionent  parts  takes  place  in 
the  liver  itself,  and,  from  the  first,  chemical  forces  actively  ope- 
rate therein.  For  the  continual  change  of  its  component  parts 
is  a chief  characteristic  of  every  living  organic  substance. 
These  forces  may  disturb  the  chemical  equilibrium  of  other 
substances,  and  cause  the  formation  of  new  products.  If  the 
constituents  of  the  blood — the  combinations  of  protein,  the 
colouring  matter,  &c. — enter  the  liver  when  it  is  in  a state  of 
action,  and  arc  there  put  in  contact  with  the  gall  during  its 
secretion,  and  with  the  substance  of  the  liver  itself,  which  is 
in  a state  of  continual  alteration,  then  the  result  will  be,  that 
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this  change  of  their  component  parts  having  taken  place,  the 
action  vrill  be  transferred  to  the  elements  of  the  blood,  and 
vill  maintain  the  secretion.  If,  on  the  other  hand,  the  con- 
stituents of  the  blood  are  in  a state  of  continual  change,  then 
the  cuele  of  action  in  which  they  are  involved  will  extend 
to  the  mass  of  the  liver ; and  so  with  every  organ. 

We  have,  however,  no  more  knowledge  of  the  manner  in 
which  this  secretion  originally  commences — whether  it  pro- 
ceeds from  the  blood  or  from  the  secreting  organ,  or  whether 
each  of  these  contributes  its  part — than  with  the  manner  in 
which  the  first  germ  of  the  whole  organ,  the  liver,  is  pro- 
duced, or  in  which  the  germ  of  the  animal  is  converted  into 
an  animaL  But  the  continuance  of  the  action — the  diuation 
of  secretion — entirely  corresponds  with  some  other  pheno- 
mena, which  we  may  observe  separately,  and  which  therefore 
throw  light  upon  these  animal  actiona  This  is  the  case  espe- 
cially with  fermentation,  from  which  Liebig  has  drawn  many 
illustrations,  for  the  purpose  of  clearly  exhibiting  his  ideas ; 
and  with  the  same  view  we  shall  also  avail  ourselves  of  the 
same  procesa  * 

Yeast  changes  sugar  into  carbonic  acid  and  alcohol,  and  is 
at  the  same  time  changed  itself  The  latter  change  causes 
the  former,  and  is  only  transferred  to  the  sugar.  If  we  sub- 
stitute blood  for  yeast,  and  the  liver  for  sugar,  we  may  form 
an  idea,  more  or  less,  of  the  secretion  of  the  gall.  The  com- 
ponent parts  of  the  blood  are  continually  undergoing  change. 
This  constant  change  of  the  component  parts  in  organic 
bodies  is  a chief  cause  of  the  continuation  of  their  existence 
The  liver  without  intermission  assumes  new  parts  and  loses 
othera  This  process  we  call  nutrition.  At  the  same  time 
that  the  parts  of  the  blood  in  the  substance  of  the  liver  are 
thus  undergoing  change,  chemical  forces  are  excited  ; these 
forces  are  transferred  to  the  elements  of  the  blood,  and  so  are 
enabled  to  produce  from  them  the  gall.  This  takes  place  the 
more  easily,  as  the  blood  itself  is  also  in  a state  of  continual 
alteration,  and  thus  readily  yields  to  the  impulse  which,  in 
■wme  way  or  other,  is  communicated  to  it.  As  the  impulse 
varies,  so  does  the  effect.  Hence  that  great  diversity  in  the 
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secretion  of  very  dissiinilar  substances,  which  are  in  a state 
of  alteration,  from  the  same  fluid — that  is,  the  blood,  which 
is  itself  at  the  same  time  in  a state  of  decomposition. 

From  the  nutrition  of  the  cellular  texture,  however,  which 
must  be  produced  fiem  the  component  parts  of  blood,  and 
from  the  nutrition  of  all  the  secreting  organs — which,  besides 
producing  the  secretion,  mmntain  themselves  by  separating 
what  they  require  from  the  constituents  of  blood — we  learn 
that  catalysis  cannot  be  left  out  of  consideration  in  the  mere 
process  of  nutrition.  Further,  we  must  iq>ply  the  same 
principle  to  all  the  solid  parts  of  the  body,  which  are  com- 
pounds of  protein.  The  muscles,  for  instance,  have  the  pro- 
perty of  secreting  protein  from  blood,  and  converting  it  into 
fibrin ; on  the  other  hand,  when  protein  is  deficient  in  the 
blood,  this  fibrin  is  taken  from  the  muscles  and  converted 
into  blood-protein,  as  in  diseases  of  long  continuance  and  in 
emaciation.  Muscles  have  thus  the  property  of  forming 
muscle-fibrin  by  simple  contact,  if  protein  abounds  in  the 
blood,  and  this  result  can  be  ascribed  only  to  a cause  similar 
to  that,  by  which  crystals  gradually  accumulate  from  solutions 
of  salts.  It  is  at  least  a peculiar  action,  diflerent  from  ordi- 
nary chemical  action,  which  takes  place  when  the  plasma  of 
blood  is  transformed  into  muscles,  which  in  composition  do 
not  essentially  differ  from  the  plasma.  The  same  is  the  case 
with  the  production  of  hair,  nails,  and  permanent  horns. 

Let  us  now  proceed  to  inquire  into  the  influence,  by  which 
chemical  forces  in  action  excite  new  forces  in  other  substances 
generally. 

In  the  inorganic  part  of  chemistry,  we  perceive  some  phe- 
nomena, which  demand  particular  notice.  For  instance,  pla- 
tinum is  not  dissolved  by  nitric  acid,  but  if  previously  alloyed 
with  silver,  it  is  dissolved  by  that  acid,  as  well  as  the  silver. 
The  oxidation  of  the  silver  thus  becomes  transferred  to  the 
platinum,  which,  by  itself,  could  not  be  brought  into  that 
condition  (Liebig).  If  deutoxide  of  hydrogen  be  put  in  contact 
either  with  oxide  of  silver,  or  with  peroxide  of  lead,  oxygen 
is  lost,  not  only  by  the  deutoxide  of  hydrogen,  but  also  by 
the  metallic  oxides.  The  disturbance  of  the  chemical  equi- 
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librium  in  the  one  compound  transfers  itself  to  the  other ; 
the  motion  in  which  the  molecules  of  the  one  substance  are 
mrolved,  is  communicated  to  the  molecules  of  the  other. 

Some  chemical  compounds  have  a very  slight  internal  cohe- 
sion. Their  elements  are  in  a state  of  unstable  equilibrium ; 
they  are  either  decomposed  by  a slight  external  disturbance, 
or  they  enter  into  new  compounds.  To  this  series  belong 
oxide  of  chlorine,  iodide  of  nitrogen,  the  fulminates,  &c  It 
is  easy  to  conceive  that  such  substances,  when  in  contact  with 
other  substances,  also  in  a state  of  action,  must  imm^iately 
disturb  the  chemical  equilibrium  of  the  latter.  Deutoxide  of 
hydrogen  belongs  also  to  this  series  of  compounds.  But  the 
greater  part  of  chemical  substances  do  not  disturb  this  com- 
bination— this  state  of  neutrality  or  of  equilibrium,  among 
the  forces  in  other  substances — unless  they  themselves  can 
combine  with  one  or  more  of  the  elements  of  those  sub- 
stances. Sulphuric  add  readily  separates  oxygen  from  per- 
oxide of  manganese ; but  it  does  so,  only,  because  it  can  com- 
bine with  the  protoxida  Heat,  light,  electricity,  &a,  may 
put  the  molecules  in  motion,  and  cause  the  production  of 
combinations,  which  are  different  in  kind,  according  as  these 
agents  are  more  or  less  intense  in  their  action ; but,  in 
organic  substances,  we  peredve  that  a slight  disturbance  of 
chemical  action  in  a part  of  the  substance  extends  through 
the  mass,  or  passes  from  the  one  to  the  other.  If,  for 
instance,  a single  spot  of  an  organic  substance  is  put  into 
a state  of  putrefaction,  the  putrefaction  forthwith  spreads 
through  the  whole  masa  If  a piece  of  rotten  wood  be  united 
with  a sound  piece,  the  latter  will  quickly  become  rotten 
also,  &a  Thus  the  disturbed  action  of  organic  forces  disturbs 
others  in  their  turn.  What  we  perceive  in  crystallisation  and 
in  the  explosion  of  gunpowder,  is  connected  with  this  prin- 
ciple. A fluid  may  long  remain  uncrystallised ; but  when 
one  crystal  is  formed,  a great  many  others  often  succeed.  If 
a grain  of  gunpowder  in  the  midst  of  a large  quantity  is 
in&med,  the  action  spreads  through  the  whole  mass.  For 
the  same  reason  we  perceive  in  organic  digestion  the  appear- 
ance of  biline,  as  a principal  substance  from  which  a chemi- 
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col  action,  effecting  the  assimilation,  proceeds.  It  is  very 
easily  transformed  and  changed  into  bili-fellinic  acid  and 
cholic  acid.  This  is  very  strikingly  illustrated  in  every  kind 
of  fermentation. 

Fermentation.  A great  many  organic  substances,  if  ex- 
posed in  a fluid  state  to  a determinate  temperature,  exhibit 
an  internal  motion,  produce  bubbles  of  gas,  and  at  the  same 
time  are  chemically  changed.  Such  is  the  case  with  all  kinds 
of  sap  from  plants,  especially  those  which  contain  sugar. 
This  change  is  caused  by  organic  substances  entirely  different 
from  each  other,  but  yet  very  composite.  In  proportion  as 
an  organic  substance  consists  of  a more  complicated  group  of 
other  compounds,  formed  of  variously  arranged  elements, 
all  combined  into  one  whole, — the  more  easily  are  these 
elements  transformed,  the  less  powerful  are  the  uniting 
forces,  and  the  more  readily  are  new  combinations  produced. 
Among  such  substances  are  to  be  reckoned  albumen,  fibrin, 
animal  gelatine,  vegetable  albumen,  gluten,  and  all  the  sub- 
stances in  which  these  are  contained.  When  one  of  them  is 
mixed  with  saccharine  matter,  the  phenomena  above  men- 
tioned soon  manifest  themselves,  and  what  we  call  fermenta- 
tion commences.  According  to  Liebig,  the  sugar  is  changed 
into  carbonic  acid  and  alcohol,  by  the  disturbance  of  the  che- 
mical forces,  which  previously  kept  the  atoms  of  the  sugar 
together.  Tliis  disturbance  is  an  effect  of  decomposition  in 
one  of  the  said  complex  substances ; which  decomposition  is 
continuous,  and,  so  long  as  it  lasts,  disturbs  all  the  organic 
chemical  forces  around.  If  this  opinion  be  correct,  then 
either  the  albumen  must  always  be  in  a state  of  decomposi- 
tion, or  the  fermentation  does  not  begin  imtil  these  complex 
substances  enter  into  decomposition  themselves ; and  the  de- 
composition of  albumen  must  therefore  depend  upon  some- 
thing else.  The  former  view  is  not  confirmed  by  observation, 
because  it  is  impossible  that  these  complex  substances  should 
be  produced  and  decomposed  at  the  same  time.  They  could 
not  be  formed  into  the  organic  substance,  and  exist  at  the 
same  time  in  a state  of  decomposition.  But  it  is  also  indi- 
cated by  observation,  that  they  may  be  kept  for  some  time 
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out  of  the  organic  substance,  which  produces  them,  without 
the  manifestation  of  anj  phenomena  of  decomposition.  If, 
for  instance,  they  be  dried,  they  may  be  preserved  for  an  in- 
definite time.  It  is  not  determined  whence  the  decomposi- 
tion in  these  complex  substances  proceeds.  The  forces  which 
keep  them  united  have  a chemical  character,  and  they  can- 
not be  disturbed  by  any  other  than  chemical  forces.  Thus 
the  enigma  still  remains  without  a solution.  A cause  still 
requires  to  be  indicated,  by  which  the  first  motion  of  the 
molecules  in  these  complex  substances  is  originated — as,  for 
Instance,  when,  after  being  dried  or  preserved  for  a long  time, 
they  are  put  into  sugar  and  water,  and  produce  a fermenta- 
tiou  According  to  Liebig,  yeast  is  always  in  a state  of  de- 
composition, and  this  decomposition  is  transferred  to  other 
substances,  comprehended  in  the  circle  of  action,  more  espe- 
cially sugar ; but  still  the  question  remains,  how  docs  yeast 
enter  into  the  state  of  decomposition  ? Why  does  the  same 
change  among  its  elements  take  place  in  yeast,  as  yeast 
communicates  to  sugar  ? Is  there  still  another  substance 
which  causes  the  decomposition  of  yeast,  in  the  same  man- 
ner as  yeast  causes  that  of  sugar  ? If  we  effect  the  change 
of  sugar  into  carbonic  acid  and  alcohol,  by  means  of  gela- 
tine, which  has  for  years  been  preser\-ed  unaltered  and  in  a 
state  of  non-decomposition,  then  the  question  is,  how  does  the 
decomposition  of  gelatine  commence,  whenever  by  its  agency 
the  formation  of  alcohol — that  is,  fermentation — is  effected  ? 
By  what  cause  is  it  brought  into  that  state  ? Here  we  must 
pause,  for  we  can  give  no  sure  explanation.  We  may,  how- 
ever, assume,  with  Liebig,  that  very  complex  bodies  contain 
atoms,  loosely  combined,  which  are  decomposed  by  external 
causes,  as  easily  as  the  fulminates,  &c,*  A determinate  tem- 
perature is,  no  doubt,  to  be  reckoned  among  these  external 
causes;  a temperature  which  need  not  exceed  the  average 
temperature  of  the  atmosphere,  and  so  may  be  what  we  call 
a low  temperature,  but  which,  nevertheless,  is  as  capable  of 
changing  complex  combinations,  as  one  more  elevated  is  of 

• .Scherer  has  proved,  that  hhrin,  if  placed  in  oxygen,  absorba  it,  and  pro- 
docea  carbonic  acid.  (Ann.  der  Chem.  und  Phannacic.  1841.) 
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transforming  all  the  organic  bodies  in  a large  series  of  pyro- 
chemical  products,  whose  characters  entirely  depend  on  the 
temperature.  If  we  observe,  that  the  elements  of  organic 
substances  are  brought  into  different  chemical  states  by  dif- 
ferent temperatures,  so  as  to  unite  into  new  combinations,  we 
may  ascribe  a catalytic  influence  to  heat  If  this  be  applied 
in  reference  to  those  plants,  the  functions  of  which  are  sus- 
pended in  winter,  and  which  are  revived  by  the  warmth  of 
spring,  and  if  it  be  extended  to  all  the  substances,  which  are 
more  or  less  dependent  on  the  influence  of  temperature,  then 
we  should  seem  entitled  to  assume  heat  as  -the  primary  source 
of  chemical  change  in  the  component  parts  of  complex  organic 
substances ; a change  which,  once  originated,  may  be  trans- 
ferred to  other  substances.  To  heat,  then,  we  ascribe  cata- 
lytic action  ; and  thus  the  commencement  of  decomposition 
in  yeast  is  attributable  to  a determinate  catalysing  tempera- 
ture. 

Complex  organic  substances  are  easily  transformed  by  a 
change  of  temperature,  and  this  transformation  is  easily  com- 
municated to  other  organic  substances,  with  which  they  are 
in  contact  We  are  entitled  to  hold  this  as  positively  proved. 
According  to  our  observation,  therefore,  we  place  the  primary 
source  of  chemical  action, — proceeding  from  complex  organic 
substances,  and  transferred  to  others, — not  in  those  sub- 
stances themselves,  but  in  the  temperature.  We  call  the 
temperature  catalysing,  then,  in  the  same  sense  with  Berzelius, 
as  having  the  power  of  modifying  the  chemical  forces,  which 
are  hidden  in  the  elements,  and  which  unite  them  into  one 
whole — strengthening  those  forces  in  some  cases,  and  weaken- 
ing them  in  others,  so  as  to  disturb  the  equilibrium,  and  pro- 
duce new  substances, — just  in  the  same  manner  as  spongy  pla- 
tinum excites  hydrogen  and  oxygen  to  enter  into  combination, 
as  sulphuric  acid  converts  the  elements  of  alcohol  into  water 
and  oxide  of  ethyl,  and  as  the  sante  acid  converts  sugar  into 
the  humic  and  formic  acida 

The  chemical  forces  which  can  be  excited  in  inorganic  sub- 
stances by  this  decomposition  of  organic  bodies,  are  sometimes 
governed  by  laws,  different  from  those  which  usually  obtain 
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in  mineral  substances.  If,  for  instance,  sulphate  of  soda,  of 
vhich  the  elements  are  firmly  combined,  be  exposed  to  the 
influence  of  a putrefying  substance,  carbonate  of  soda  and 
sulphuretted  hydrogen  are  the  results  The  carbonic  acid  is 
produced  by  the  fermentation  of  the  substances  in  putrefac- 
tion, but,  contrary  to  all  ordinary  chemical  laws,  the  sulphuric 
acid  is  decomposed ; it  loses  its  oxygen ; and  at  the  same  time 
the  water  is  decomposed,  its  hydrogen  combining  with  the 
sulphur.  The  decomposing  action  of  organic  substances  is 
thus  transferred  to  those  which  are  inorganic,  and  even  alters 
their  oi^linary  chemical  forces  (Treatise  on  the  Waters  of 
Amsterdam.  1826.) 

If  we  see  sneh  a transformation  taking  place  among  strongly 
combined  atoms,  then  the  atoms  of  organic  substances,  loosely 
combined,  may,  by  the  same  means,  be  still  more  easily  trans- 
formed This  remark  applies  especially  to  such  as  are  so  feebly 
combined  as  to  be  immediately  separated  from  each  other,  and 
made  to  assume  a new  arrangement  by  the  slightest  action, 
in  which  they  are  involved  This  transformation  takes  place 
the  more  easily,  because  the  organic  chemical  forces  act  upon 
others  of  a similar  kind  Hence  the  easy  conversion  of  sugar 
into  alcohol  and  carbonic  acid,  or,  in  other  circumstances,  of 
sugar  into  lactic  acid  and  into  mannite,  of  alcohol  into  acetic 
acid, 

It  appears  from  the  variety  of  changes  to  which  sugar  is 
subjected  by  different  agents  (converting  it  into  alcohol,  ulmic, 
oxalic,  and  saccharic  acids),  that  its  elements  are  very  loosely 
combined — more  loosely,  indeed,  than  the  elements  of  many 
other  substances.  We  perceive  something  similar  in  oil  of  . 
cinnamon.  New  products  are  continually  formed  in  this  oil 
by  the  influence  either  of  the  air  or  of  different  acids — namely, 
hydruret  of  ciimamyl,  cinnamic  acid,  and  a great  many  resi- 
nous substances.  In  every  case,  the  elements  of  sugar  persist  in 
their  combination  till  decomposed  by  some  force.  Thus 
in  the  decomposition  of  sugar  a force  must  be  subdued  In 
the  alcoholic  fermentation,  the  force  by  which  this  is  effected 
proceeds  from  the  yeast,  but  is  undoubtedly  to  be  ascribed 
or^'nally  to  heat.  Heat  is  the  pulse  of  life  in  the  chemical 
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changes  of  bodies,  and  has  tlius  an  unlimited  influence  uj)on 
their  chemical  combination. 

Substances  containing  nitrogen  are  most  liable  to  that  kind 
of  decomposition,  during  which  the  decomposing  action  is  com- 
municated to  others  also.  Nitrogen  has  a strong  tendency  to 
extricate  itself  from  combination,  owing  to  its  character  of  in- 
difference (Liebig).  Explosive  bodies  contain  nitrogen — for 
example,  the  iodide  of  nitrogen,  and  the  fulminates.  It  is 
only  with  hydrogen  that  it  eagerly  combines,  forming  am- 
monia. The  chemical  equilibrium  of  the  elements  is  dis- 
turbed from  the  very  moment  that  the  production  of  ammonia 
commences,  and  then  the  action  may  be  transferred  to  other 
substances — the  fulminates,  and  hence  their  rapid  decomposi- 
tion. Organic  substances  containing  nitrogen,  if  in  contact 
with  water,  produce  ammonia,  and  in  consequence  of  the 
formation  of  ammonia,  the  carbon  and  oxygen  combine  into 
carbonic  acid. 

Thus  yeast,  as  well  as  other  substances  containing  nitro- 
gen, requires  water  to  produce  fermentation — that  is,  first,  to 
produce  ammonia  and  carbonic  acid,  and  afterwards  to  ex- 
cite thereby  a new  disturbance  of  the  chemical  forces  in  other 
substances.  The  decomposing  forces  arise  from  the  decompo- 
sition of  water  and  of  organic  matter, — from  the  formation 
of  ammonia  and  carbonic  acid.  Liebig  gives  an  interest- 
ing proof,  that  those  substances,  which  can  be  wholly  changc«l 
into  ammonia  and  carbonic  acid,  may  also  be  decomposed 
with  great  facility.  The  cyanic  acid  belongs  to  that  clas.s. 
When  dissolved  in  water,  it  is  suddenly  decomposed  into  car- 
bonic acid  and  ammonia. 

1 cvanic  acid  + 3 water  »=  1 ammonia  + 2 carlionic  acid 

NC20  + 3H0  = NH3  + 2C02 

One  equivalent  of  carbonic  acid  (CO^),  passes  off  with  effer- 
vescence, and  the  water  retains  carbonate  of  ammonia  (CO^ 
and  NH3)  in  solution.  Complex  organic  substances  are  de- 
composed the  more  easily,  the  nearer  they  approach  to  a com- 
bination, which  on  decomposition  can  produce  ammonia  and 
carbonic  acid.  Such,  according  to  Liebig,  should  be  the  case 
with  substances  which  produce  fermentation.  The  action  of 
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albilies  upon  them  proves,  that  they  either  contain,  or  easily 
produce,  ammonia,  for  the  alkalies  all  liberate  ammonia  from 
those  substances,  viz.,  from  albumen,  fibrin,  &c.  But  the  com- 
position of  these  latter  substances  differs  remarkably  from 
that  of  bodies,  in  vhich  the  carbonic  acid  represents  the 
principal  part,  afler  the  ammonia  is  abstracted. 

For  instance,  if  from  1 equiv.  of  protein,  C«>II81N50^* 

We  take. 5 equiv.  of  ammonia, 

There  remains, 0'^ 

The  composition  of  this  remainder  is  very  different  from 
that  of  carbonic  acid. 

These  substances,  however,  absorb  oxygen  very  easily  on 
decomposition,  a fact  which  has  recently  been  proved  of  fibrin 
and  albumen.  (Scheikundige  Onderzoekingen,  Deel  I.) 

When  sugar  is  brought  into  a state  of  fermentation  by  the 
influence  of  a moderate  temperature  (59°-67°  Fahr.),  and  of 
yeast,  alcohol  and  carbonic  acid  are  always  the  products ; and 
so  with  many  saps  containing  sugar  ; for  instance,  the  sap  of 
fruits,  lieet-root,  carrots,  oniona  But  if  these  are  made  to 
ferment  at  a temperature  between  97°  and  104°  Fahr,  other 
products  are  formed.  The  albumen  and  gluten  of  the  sap 
are  then  wholly  decomposed,  so  that  all  the  nitrogen  remains 
in  the  liquid  in  the  form  of  ammonia  With  this  alteration 
in  the  influence,  lactic  acid,  mannitc,  and  a gum-like  substance 
are  produced  from  the  sugar,  instead  of  alcohol  and  carbonic 
acid  ; gases  at  the  same  time  being  evolved.  Thus  it  is  evi- 
dent, that  the  decomposition  of  the  sugar  entirely  depends 
upon  the  state  of  the  gluten  and  albumen  in  the  sap  of  plants, 
which  bodies  are  both  changed  into  the  chief  constituent  of 
yeast,  during  the  alcoholic  fermentation.  It  is  also  evident, 
that  yeast,  if  subjected  to  a decomposition  different  from  the 
ordinary  kind,  forms  entirely  new  products,  which  are  not  at 
all  analogous  to  those  formed  by  the  alcoholic  fermentation. 
Hence  it  is  clearly  proved,  that  the  general  idea  of  the  mole- 
cules lieing  put  in  motion,  is  not  sufficient  to  explain  the  for- 
mation of  alcohol  and  carbonic  acid  from  sugar.  That  mo- 
tion, on  the  contrary,  must  lie  of  a peculiar  nature,  and  such 
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ae  to  affect  the  molecules  of  sugar  in  one  determinate  mode, 
for  the  formation  of  alcohol  and  carbonic  acid.  The  alcoho- 
lic fermentation  can  be  produced  only  by  the  most  simple 
transformation  of  yeast  This  transformation  consists  in  the 
production,  first  of  acetic  acid,  then  of  carbonic  acid,  and, 
probably  at  the  same  time  with  the  latter,  of  ammonia  If 
this  transformation  be  checked,  yeast  has  not  the  power  either 
to  excite  or  to  maintain  fermentation.  The  power  of  yeast 
is  destroyed,  or  paralysed,  by  drying  it  highly,  by  chloride 
of  mercury,  by  nitrate  of  silver,  by  sulphurous  acid,  by  creosote, 
&C.  Teast  is  also  incapable  of  producing,  or  at  least  of  origi- 
nating, fermentation,  without  the  aid  of  the  oxygen  of  the 
air ; for  if  the  air  be  completely  excluded,  no  fermentation 
takes  place. 

Very  incorrect  ideas  have  been  formed,  as  to  the  peculiar 
character  of  yeast  From  several  analyses  which  I have 
recently  made,  I am  quite  convinced  that  it  is  a little  cellular 
plant,  consisting  of  isolated  cells.  These  little  plants  are  utri- 
cles of  a substance,  nearly  approaching  to  cellulose — woody 
fibre — in  its  properties  and  composition,  though  in  some  re- 
spects it  is  different  Its  composition  is  it 

is  insoluble  both  in  cold  and  in  boiling  water ; it  is  not  con- 
verted into  xyloidine  by  nitric  acid,  but  it  is  readily  changed 
into  humic  acid  by  hydrochloric  acid,  and  is  easily  soluble  by 
strong  caustic  potash,  at  the  ordinary  temperature.  Its  com- 
position cannot  by  any  means  be  reduced  to  that  of  cellulose. 

These  utricles  contain  a protein-like  substance,  which  is 
neither  gluten — for  it  is  insoluble  in  boiling  alcohol — nor  albu- 
men— for  it  is  with  great  diflSculty  soluble  in  acetic  acid.  In 
boiling  water  it  may  be  pretty  easily  obtained  in  such  a state, 
that  it  may  be  regarded  as  a highly  oxidized  protein.  Thus — 

C40HS7N6O26  = C«H81N5012  -»-  Q8  6HO. 


* Schelknndige  Ondenoekingen,  Deel  II. 
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In  these  utricles,  however,  this  protein  exists  in  such  a state, 
that  its  composition  approaches  to  that  of  fibrin,  albumen, 
and  casein  ;* — that  is  to  say,  when  it  is  extracted  by  acetic 
acid,  and  precipitated  by  carbonate  of  ammonia,  its  composi- 
tion appears  to  be  analogous  to  that  of  these  substances. "f 
The  substance,  approaching  to  cellulose,  which  forms  the 
hag  or  utricle  of  the  yeast  plant,  does  not  assist  fermentation. 
During  that  action,  the  protein  compound  penetrates  exosmo- 
tically  through  this  membrane,  the  utricles  decrease  in  bulk, 
contract,  and  at  last  remain  behind  in  the  form  of  collapsed, 
wrinkled  globules,  much  smaller  than  they  originally  were. 
The  protein  compound,  when  expelled,  soon  undergoes  de- 
comjKwition,  to  which,  at  a certain  teinjierature,  it  is  exceed- 
ingly liable  It  leaves  nothing  behind  but  ammonia  and  a 
quantity  of  extractive  matter,  which  has  not  yet  been  sulli- 
ciently  analysed.  Thus — 

From  protein C40H3iN5Oi2 

Take  ammonia,  

There  remain,  ......  C^oni6  0^2 

Thus  it  is  evident,  that  heat  is  the  primary  cause  of  the 
phenomena  of  fermentation.  The  protein  compound  in 
yeast,  a very  complex  body,  has,  in  common  with  many  other 
rabstances,  such  as  hydrate  of  deutoxide  of  copper  under 
water,  &c.,  a temperature  which  forbids  its  permanence  un- 
der water,  and  induces  decomposition.  This  decomposition  is 
transferred  to  the  sugar,  and  resolves  it  into  carbonic  acid  and 
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alcohol.  During  this  decomposition,  especially  at  the  com- 
mencement, a small  quantity  of  oxygen  is  absorbed  This 
absorption  is  not  the  cause,  but  the  first  effect,  resulting 
from  the  decomposition  of  the  protein  compound  which  exists 
in  yeast  Thus,  all  that  has  been  stated  as  to  the  chief  con- 
stituent of  yeast,  holds  good  also  with  respect  to  yeast  itself, 
provided  we  regard  the  cellular  membranes  of  the  yeast  glo- 
bules as  having  no  influence  whatsoever  upon  fermentation, 
but  as  being  only  the  vessels  to  contain  the  protein  compound 
They  are  left  behind  insoluble,  when  fermentation  is  finished. 

During  the  fermentation  of  sugar,  by  means  of  yeast,  part 
of  the  latter  is  decomposed,  though  its  component  parts  con- 
tribute nothing  to  the  formation  of  alcohol ; neither  do  they, 
to  any  perceptible  extent,  add  to  the  quantity  of  carbonic  acid 
produced  For  Thenard  has  found  that  100  parts  of  sugar 
yield  51.27  of  carbonic  acid,  and  52.62  of  absolute  alcohol, 
making  together  103.89.  One  equivalent  of  water,  however, 
is  combined  with  sugar  when  crystallized — — 
which  thus  gives  nearly  the  same  amoimt  In  my  experi- 
ments, 20  parts  of  yeast,  which  had  caused  the  fermentation 
of  100  parts  of  sugar,  left  behind  13.7  parts  of  insoluble  matter, 
which  being  again  put  in  contact  with  sugar,  left  behind  10 
parts  of  insoluble  matter,  which  had  no  further  power  of 
producing  fermentation.  It  has  been  elsewhere  stated,  that 
the  yeast  is  also  decomposed  during  fermentation.  But  a very 
small  quantity  of  yeast  cannot  bring  a large  quantity  of  sugar 
into  fermentation  ; while  on  the  other  hand,  the  decomposi- 
tion of  the  yeast  still  continues,  after  the  transformation  of 
a small  quantity  of  sugar  into  alcohol  and  carbonic  acid 
(Liebig). 

This  power,  either  of  yeast,  or  of  animal  matter,  to  resolve 
sugar  into  alcohol  and  carbonic  acid,  has  been  justly  traced  by 
Liebig  to  the  same  principle  with  many  other  decompositiona 
If,  for  instance,  the  fresh  urine  of  the  horse  be  evaporated 
and  saturated  with  an  acid,  hippuric  acid  is  produced  ; but  if 
the  urine  be  kept  for  some  days,  the  product  is  not  hippuric, 
but  benzoic  acid.  If  fresh  human  urine  be  satiu-ated  with  ni- 
tric acid,  we  get  nitrate  of  urea ; if  the  urine  be  putrescent,  we 
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have  carbonate  of  ammonia  Amygdaline  is  changed  by  yeast 
and  sugar  into  prussic  acid.  (We  must  persist  in  calling  the 
action  of  emulsine  upon  amygdaline,  catalysis,  till  it  be  ascer- 
tained that  emulsine  is  in  a state  of  decomposition,  and  im- 
mediately communicates  that  to  the  amygdaline)  If  mal- 
lows be  macerated  in  lime-water,  we  get  asparagine  after 
evaporation  ; but  if  the  solution  be  put  in  contact  with  yeast, 
we  get  aspartic  acid,  combined  with  ammonia 
A great  many  oiganic  substances,  when  exposed  to  a 6xed 
temperature  and  to  moisture,  are  decomposed  into  new  pro- 
ducts, which  can  be  formed  by  ordinary  chemical  means  also. 
For  instance,  the  natural  change  of  woody  fibre  into  humic 
acid  and  other  substances,  may  be  likewise  produced  if  sul- 
phuric acid  be  made  to  act  upon  woody  fibre.  It  is  not  a real 
fermentation,  but  a transposition  of  the  elements,  analogous  to 
that  which  takes  place  in  yeast,  which  is  transferable  to 
others.  If  wood  undergo  decay  while  lying  in  water,  which 
contains  salts  of  sulphuric  acid  and  iron,  sulphuret  of  iron 
is  deposited  upon  the  solid  substances,  whilst  the  rotting 
wood  is  converted  into  humic  acid.  This  sulphuret  of  iron 
is  produced  from  the  sulphur  of  the  sulphates,  and  from 
the  iron  of  the  iron  salta  Some  substances  very  rapidly 
undergo  the  alteration,  which  causes  the  production  of  humic 
acid  from  woody  fibre.  Tannic  acid,  for  instance,  if  exposed 
to  the  air,  is  very  quickly  converted  into  apotheme  of  tannin  ; 
and  in  like  manner  extractive  matter  is  converted  into  apo- 
theme, by  the  influence  of  the  oxygen  of  the  air  and  a more 
elevated  temperatura  It  is  a similar  transformation  to  that 
which  takes  place  in  substances  containing  nitrogen,  such  as 
yeast,  &a,  but  of  course  it  is  incapable  of  producing  any 
ammonia  if  they  contain  no  nitrogen.  During  this  transfor- 
mation, oxygen  is  always  absorbed,  and  sometimes  only  one 
or  two  new  substances  are  produced ; such  as  when  acetic 
acid  and  water  are  formed  from  alcohol  by  the  agency  of  the 
oxygen  of  the  air.  Thus — 

1 acetic  acid  and  3 water  s i alcohol  and  4 ox^^cn. 

C4H308  -f-  3H0  = C<H«02  + 0* 

By  the  oxidation  either  of  tannin  or  of  extractive  mat- 
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ter,  however,  carbonic  acid  is  also  produced,  and  in  amount 
equal  in  volume  to  that  of  the  oxygen  absorbed  (De  Saussure). 
The  elements  in  such  substances  are  very  loosely  combined, 
and  tend  to  produce  other  substances,  which  combine  more  in- 
timately. They  have  thus  a kind  of  tendency  to  act  exter- 
nally, and  eagerly  attract  all  the  oxygen  with  which  they  are 
in  contact  This  state,  which  is  like  that  of  hydrate  of  prot- 
oxide of  iron,  hydrate  of  protoxide  of  manganese,  sulphuret  of 
potassium,  and  many  other  inorganic  substances, — we  indi- 
cate by  the  expression  (which  is  too  limited)  of  tendency  to 
oxidation.  The  greater  number  of  organic  chemical  sub- 
stances are  transformed  in  consequence  of  tliis  tendency. 
Such  is  the  case  with  the  solutions  of  vegetable  acids  in 
water,  such  as  citric  acid,  tartaric  acid,  &a,  which,  if  exposed  to 
a certain  temperature,  can  produce  a series  of  new  substances, 
and  new  substances  even  of  an  organic  nature,  such  as  mouldy 
plants.  If  the  substances  be  of  a complex  character,  they 
are  still  more  easily  transformed.  Such  is  the  case  with 
wood,  which  in  certain  circumstances  is  subject  to  very  rapid 
decay — dry  putrefaction — caused  by  the  albumen  which  it 
contains ; and  with  many  other  substances.  The  alkalies, 
especially,  are  capable  of  promoting  in  some  substances  this 
re-arrangement  of  elements.  Gallic  acid,  for  instance,  when  in 
contact  with  an  alkali,  is  rapidly  changed  into  a brown  mat- 
ter ; so  salicylite  of  potash  is  changed  into  acetic  and  melanic 
acids,  by  absorbing  3 equivalents  of  oxygen  (0*). 

Fat  oils  and  other  fatty  matters  in  this  manner  yield  neither 
a mixture  of  different  substances,  nor  carbonic  acid,  but  a fatty 
acid.  Almost  all  the  volatile  oils  form  resins,  as  the  products 
of  their  oxidation  by  the  air.  Other  examples  are  afforded 
in  the  transformations  of  orcine,  phloridzine,  &c.,  when  in 
contact  with  air  and  ammonia,  producing  blue  colours  from 
white  substances  (see  below).  And  so  ip  the  transformation  of 
protein  with  4 of  oxygen  into  humic  acid  and  ammonia  Tims — 

One  of  protein,  with  four  of  oxy- 1 c«>H3’N60i2-h0< 

Are  equal  to  1 of  humic  acid, C^OH'5  0'*-pH0 

And  five  of  ammonia, 
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I repeat,  that  all  these  transformations  correspond  to  such 
ordinary  phenomena  in  inorganic  chemistry,  as  the  oxidation 
of  iron,  potassium,  &c.,  in  the  air. 

This  transformation  has  been  compared  to  coTnbiutioa ; and 
whether  hydrogen  only,  or  carbon  only,  or  both  be  combined 
with  oxygen,  it  has  been  called  combustion.  It  does  indeed 
resemble  that  phenomenon.  But  there  is  this  difference 
between  such  a transformation  of  substances  and  combustion, 
that  the  latter  is  a complete  conversion,  effected  by  a more 
elevated  temperature,  while  the  other  phenomena  are  pro- 
duced by  a mere  disturbance  in  the  equilibrium  of  chemical 
forces.  These  forces  are  modified,  while  the  vital  functions  of 
the  animals  or  plants,  to  which  the  substances  belong,  are  in 
action ; they  are  still  present  in  certain  circumstances,  in 
which  they  are  not  sensible — as  when  the  body  is  dry,  and 
is  kept  at  a low  temperature ; but  they  are  disturbed  by  heat 
and  moisture,  especially  the  former,  so  as  to  make  room  for 
other  forces.  Among  these  new  forces,  the  tendency  of  hydro- 
gen and  carbon  to  oxidation  is  then  developed.  These  forces 
come  into  operation  as  soon  as  the  others  are  at  rest  They 
come  into  full  operation  if  a great  disturbance  is  effected  by 
powerful  causes,  such  as  when  a burning  substance  is  brought 
near  the  organic  one;  they  are,  however,  but  partially  brought 
into  operation,  if  a different  set  of  atoms  of  carbon,  hydrogen, 
or  oxygen  meet  each  other  in  such  a proportion  as  to  pro- 
duce an  intimate  combination  again.  This  is  c]^early  illus- 
trated by  the  change  of  sugar  into  alcohol  and  carbonic  acid. 

It  must  not  be  thought,  however,  that  this  power  of  affect- 
ing substances  resides  peculiarly  in  oxygen.  If  our  atmo- 
sphere consisted  either  of  chlorine,  or  of  gaseous  bromine 
only,  the  power  of  these  substances  to  disturb  a chemical 
equilibrium,  or  to  form  promptly,  in  case  of  a disturbed  equi- 
librium, a combination  with  substances  present,  would  be 
much  greater  than  that  which  we  now  perceive  in  oxygen. 
.U1  these  phenomena  of  oxidation,  either  in  organic  or  inor- 
ganic substances,  ought  not  therefore  to  be  classed  as  a deter- 
minate and  peculiar  scries.  They  must  be  referred  to  ordi- 
nary chemical  action,  dependent  in  a great  measure  on  the 
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influence  of  the  circumstances  in  which  a substance  is  placed. 
This  action  is  always  terminated  by  the  operation  of  the  che- 
mical tendency,  the  production  of  a state  of  equilibrium. 

The  peculiar  forces  of  the  elements  must,  therefore,  be 
classed  among  the  principal  causes  of  the  conversion  of  or- 
ganic substances  into  others,  accompanied  by  the  attraction, 
for  instance,  of  oxygem  This  tendency  to  combine  with  oxy- 
gen is  not  exhibited  by  free  carbon  and  hydrogen  at  the 
ordinary  temperature,  but  may  be  excited  in  both  by  heat, 
and  in  hydrogen  also  by  spongy  platinum.  We  see  these 
forces  very  active  in  potassium  and  sodium,  in  phosphorus 
and  many  other  substances.  Hence  it  appears,  that  such  sub- 
stances act  in  the  same  manner  (i.  e.  attract  oxygen),  without 
the  aid  of  any  new  external  circumstances,  as  carbon  and 
hydrogen  do  when  under  combustion,  or  when  accompanied 
by  the  conversion  of  organic  matters.  As  soon,  therefore,  as 
carbon  and  hydrogen  cease  to  be  influenced  by  those  chemical 
forces  which  modify  them  in  the  organic  kingdom,  they  yield 
to  what  is  originally  their  most  powerful  tendency  ; they  com- 
bine with  oxygen  in  the  same  way  as  the  nitrogen  of  yeast 
combines  with  hydrogen  and  forms  ammonia.  So  far,  there- 
fore, as  the  arrangement  of  the  organic  molecules  is  changed, 
when  bodies  begin  to  decay  or  undergo  any  similar  transfor- 
mation, the  change  depends  partly  on  that  primary  tendency  of 
the  elements,  partly  on  the  possibility  of  forming  such  new 
and  intimate  combinations  of  the  elements,  when  otherwise 
arranged,  as  cannot  be  again  disturbed  in  these  circum- 
stances, but  can  be  decomposed  only  by  more  powerful  causes. 

The  alteration  in  wood  which  is  called  mouldering,  does  not 
essentially  difier  from  putrefaction.  So  far,  however,  it  is 
different,  that  during  putrefaction,  hydrogen  combined  with 
carbon  is  given  oflF  in  the  fonn  of  gas,  while  in  the  former 
case  only  oxidation,  either  of  carbon  only,  or  of  carbon  and 
hydrogen,  takes  place.  Hence  it  appears  that,  properly  speak- 
ing, in  mouldering  the  elements  slowly  obey  their  most  power- 
ful tendency,  yielding  to  the  strongest  forces  which  they 
possess ; and  on  the  other  hand,  that  the  formation  of  wood 
is  the  effect  of  a chemical  action  in  an  opposite  direction. 
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The  qaestioa  ia,  whether  during  decomposition  the  organic 
forces  grow  weaker  of  themselves,  permitting  the  elements  to 
ob^  their  primary  tendency, — or  whether  causes  must  exist 
by  which  these  organic  forces  are  made  weaker  ? Neither  is 
improbable.  Everything  which  ceases  to  be  subject  to  the 
vital  principle,  becomes  incapable  of  being  stimulated  by  the 
vital  forces ; — it  is  placed  in  other  circumstances ; and  as  the 
products  of  the  vital  fimctions  are  different  from  the  products 
of  Inorganic  nature,  in  consequence  of  the  very  difference 
of  the  circumstances  in  which  the  elements  are  placed,  so 
the  products  of  substances,  deprived  of  vital  influence,  must 
also  greatly  vary  with  circumstances.  Hence  it  may  happen, 
that  the  forces  present  in  organic  substances,  when  deprived 
of  the  vital  influence,  may  disappear  of  themselves.  The 
impression  they  had  at  first  received  is  changed,  modified, 
obliterated,  and  therefore  the  effects  can  no  longer  be  the 
same  A substance  persists  in  the  state  into  which  it  was 
first  put,  according  to  the  law  of  inertia ; but  the  maxim, 
•Mata  catua  toUitur  effectm,  is  of  equal  value.  The  vital 
action,  which  we  shall  express  by  the  collective  name  of  cir- 
cumstances, confers  a certain  tendency  upon  the  molecules, 
which  in  many  substances  disappears  whenever  the  molecules 
are  withdrawn  from  its  influence. 

If  but  a small  disturbance  of  chemical  equilibrium  has  oc- 
curred, that  is  to  be  regarded  as  a focus  or  centre,  from  which 
the  action  extends.  A small  piece  of  mouldy  wood  infects 
a whole  mass,  acting  in  the  same  manner  as  yeast  in  fermen- 
tation. 

What  is  the  cause,  to  which  this  disturbance  is  attribu- 
table ? There  is  proof  that  it  is  caused  by  temperature ; nei- 
ther fermentation,  nor  putrefaction,  nor  chemical  action,  tak- 
ing place  without  a determinate  temperature.  But  though 
this  temperature  be  present,  another  substance  is  required  to 
e-vcitesuch  actions  in  a certain  degree.  In  every  kind  of  fer- 
mentation, this  disturbing  property,  it  has  been  proved,  is 
possessed  by  oxygen.  The  first  phenomenon  observed  either 
m a fermenting  or  in  a putrefying  substance,  is  the  absorp- 
tion of  oxygen.  Without  oxygen  no  putrefaction,  no  fermen- 
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tation  takes  place.  This  has  been  ascertained  by  Gay-Lussac 
He  kept  the  sap  of  grapes  for  some  days  over  mercury ; it 
did  not  ferment,  but  the  introduction  of  one  bubble  of  oxygen 
was  enough  to  originate  fermentation,  which  then  proceeded 
spontaneously.  A single  bubble  is  thus  required  to  bring  a 
force  to  the  sap  of  grapes,  capable  of  disturbing  in  a small 
part  of  it  the  organic  forces  excited  by  a certain  temperature. 
In  the  other  parts,  disturbance  is  effected  by  the  new  products 
in  thei^  turn,  a?id  is  transferred  through  the  whole  mass,  so 
that  a decomposition  of  sugar  and  water  into  alcohol  and 
carbonic  acid  takes  place. 

Upon  this  principle  the  preservation  of  meat,  vegetables, 
&c.,  in  ves.sels  exhausted  of  air — generally  by  ebullition — is 
founded  ; so  is  the  method  introduced  by  Appert,  of  boding 
vegetable  saps  in  bottles,  well  corked,  for  the  purpose  of  tak- 
ing away  the  oxygen  of  the  small  quantity  of  air  left  behind, 
and  of  uniting  it  with  part  of  the  substances  ; and  also  for  the 
purpo.se  of  disturbing  by  the  ebullition  part  of  the  chemical 
forces,  especially  those  in  the  dissolved  albumen,  which  be- 
comes coagulated  when  boiled.  On  the  same  princijde  de- 
pends the  sulphuration  of  sweet  wines  or  of  saps  of  fruits,  by 
the  application  a>f  sulphite  of  potash,  the  sulphurous  acid 
(SO^)  being  easily  changed  into  sulphuric  acid  (SO^). 

This  attraction  of  oxygen  is  very  much  promoted  by  alkalies, 
though  we  know  not  how.  But  it  is  perceived  in  orcine, 
phloridzine,  and  salicylous  acid.  Alcohol,  if  it  retain  any 
alkali  in  solution,  produces  acetic  and  formic  acids,  besides  a 
brown  substance ; absorption  of  oxygen  being  a uniform 
accompaniment  A substance  which  is  easily  decomposed,  also 
readily  changes  alcohol  into  acetic  acid,  with  absorption  of 
oxygen.  Hence  alcohol  i.s,  in  like  manner,  changed  into  acetic 
acid  by  a little  honey,  malt,  beer,  or  acid  wine,  if  exposed  to 
the  air.  On  this  principle  depends  the  method  of  preparing 
vinegar  by  the  quick  method  now  practised  in  Germany. 
The  substances  added  begin  first  to  decompose,  and  when  in 
that  state  communicate  to  the  elements  of  alcohol  the  ten- 
dency to  transpose  themselves  also,  and  to  assume  a new  order 
in  connection  with  the  oxygen  of  the  air  (Liebig).  Some  orga- 
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nic  substances,  however,  if  merely  present,  can  act  here  also  by 
the  forces  which  proceed  from  them,  without  being  themselves 
altered  ; and  a real  catalysis  may  thus  take  place.  This  ap- 
]>ears  from  what  occurs  when  vapours  of  alcohol  are  brought 
in  contact  with  spongy  platinum,  the  supply  of  air  being 
imperfect  The  spongy  platinum  then  becomes  hot ; water 
and  aldehyd  are  produced,  with  absorption  of  oxygen ; 
the  spongy  platinum,  however,  taking  no  part  in  this 
process.  If  free  access  be  given  to  the  air,  acetic  acid 
and  water  are  produced.  Thus  the  same,  or  some  similar 
force,  resides  in  the  spongy  platinum,  as  in  the  substances  by 
which  alcohol  may  be  changed  into  acetic  acid,  according  to 
the  method  of  Schuzenbach,  when  these  substances  are  de- 
composed after  being  mixed  with  the  alcohol 
The  formation  of  saltpetre  is  regarded  by  Liebig  as  an  analo- 
gous process.  It  is  a known  fact,  that  organic  substances,  which 
contain  nitrogen,  can  in  certain  circumstances  produce  nitric 
acid,  which  combines  into  a nitrate  with  any  base  that  is 
present  Ammonia  results  from  the  putrefaction  of  organic 
substances  containing  nitrogen,  and  {>asses  off  in  the  form  of 
a carbonate.  The  nitrogen  combines  by  preference  with 
hydrogen,  and  never  directly  with  the  oxygen.  It  may,  there- 
fore, be  a question,  how  it  happens  that  nitric  acid  is  in  this 
instance  formed  from  the  combination  of  nitrogen  and  oxygen  ? 

The  presence  of  a base,  especially  of  some  alkali,  is  indis- 
pensable to  the  formation  of  saltpetre.  From  the  nitrogen, 
ammonia  is  first  obtained  by  combination  with  hydrogen,  and 
this  is  afterwards  changed  into  nitric  acid, — the  hydrogen 
of  the  ammonia  combining  with  the  oxygen  of  the  air  to  fonn 
water,  and  the  nitrogen  with  the  oxygen  to  form  nitric  acid, 
which  is  united  with  the  base  into  a nitrate.  When  organic 
suljstances  are  decomposed  by  oxide  of  copper,  dcutoxide 
of  nitrogen — if  the  organic  substance  contain  the  nitrogen  in 
the  state  of  ammonia — is  always  formed  ; but  if  a compound  of 
cyanogen  be  burned  in  oxygen,  the  carbon  only  is  oxidized, 
and  the  nitrogen  is  liberated  without  the  production  of  nitric 
oxide.  Thus  nitrogen,  when  alone,  is  not  combined  with  oxy- 
gen, but  only  when  present  in  the  state  of  ammonia  (Liebig). 
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During  the  nitrification,  therefore,  nitric  acid  is  formed,  be- 
cause the  oxygen  of  the  air  produces  water  and  nitric  acid  at 
the  same  time  from  the  ammonia,  and  because  these  two  sub- 
stances mutually  promote  the  production  of  each  other,  while 
in  the  nascent  state.  Hence  it  happens,  that  during  nitrifi- 
cation, the  animal  substances  contribute  but  the  smaller  part  of 
the  nitrogen  contained  in  the  nitric  acid  produced,  while  the 
greater  part  is  absorbed  from  the  atmosphere ; and  so  the  orga- 
nic substances  are  the  chief  means  whereby  the  nitrogen  of 
the  atmosphere  is  changed  into  ammonia,  which  is  afterwards 
decomposed  with  absorption  of  oxygen  into  water  and  nitric 
acid.  This  is  fully  proved  by  the  nitrification  which  takes 
place  without  organic  substances  in  putrefaction.  A great 
deal  of  nitrate  of  lime  is  found  upon  old  walls,  and  in  all  po- 
rous substances  which  have  been  long  exposed  to  the  atmo- 
sphere. In  such  porous  substances  ammonia  is  not  only  con- 
densed, but  produced  from  the  air,  and  afterwards  converted 
into  Walter  and  nitric  acid.  (See  Arable  Soil,  below.) 

On  these  principles,  relative  to  molecules  in  motion,  for 
which  we  are  indebted  chiefly  to  Liebig,  several  interesting 
questions  in  science  are  explained. 

Tlic  primary  cause,  however,  of  that  motion  may  thus  be 
briefly  described.  Every  chemical  molecule  possesses  the  pro- 
perty of  combining  with  others  ; such  combination  is  an  ef- 
fect of  molecular  tendency  elevated  to  a determinate  degree. 
Tendency,  producing  combination,  arises  from  various  circum- 
stances. The  presence  of  a third  substance,  electricity,  light, 
lieat,  and  vital  force,  give  to  the  combination  a determinate 
direction — the  last  producing,  for  the  most  part,  complex  sub- 
stances, which  are  of  a peculiar  character,  because  it  is  gene- 
rally difficult  to  obtain  an  artificial  imitation  of  those  circum- 
stances. Ordinary  chemical  operations  are  almost  uniformly 
more  simple.  The  substances  produced  differ,  because  the  cir- 
cumstances differ.  Temperature  is  a powerful  exciting  cause 
of  the  chemical  tendency  which  effects  combination.  To  that 
tendency  we  must  look  for  the  primary  and  principal  cause  of 
what  may  be  called  molecules  in  motion,  or,  in  other  words, 
molecules  in  the  act  of  transposition,  I'o^sessing  a capacity 
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for  chemical  combination,  both  of  'which  qualities  are  indi- 
cated by  the  expression  chemical  tendency. 

By  spongy  platinum,  by  glass  at  a temperature  of  572° 
Fahr.,  by  sulphuric  acid,  by  any  burning  substance,  by 
yeast,  by  a piece  of  rotting  wood,  actions  are  produced  in 
chemical  substances,  attended  with  consequences  which  arc 
characterised  as  chemical,  t.  a,  with  combination  or  decom- 
position of  substances. 

\^lutteTer  is  affected  by  one  of  these  substances,  must  be 
susceptible  of  such  inBuence.  This  is  what  we  have  called 
chemical  tendency.  The  excitation  of  that  susceptibility  is 
equivalent  to  the  elevation  of  this  tendency  to  a determinate 
degree. 

The  object  of  science  is  to  determine  the  influence  of  each 
circmnstanca  The  knowledge  of  this  influence  is  the  basis, 
on  which  all  other  knowledge  of  the  cause  of  combination 
and  decomposition  in  substances  is  founded.  The  term  cir- 
cutiutance  is  as  yet  only  a collective  one,  comprehending  very 
different  things.  The  reduction  of  all  these  to  their  proper 
places  in  science  we  can  expect  only  fium  future  timea 


§ 2.  Oboamic  Forces. 

.4.  Connection  between  Organic  and  Molecular  Forcee. 

All  v^table  and  animal  substances  are  composed  of 
those  bodies  which  in  chemistry  are  called  elements,  and 
which  combine  with  each  other  in  very  different  waya  The 
question  now  to  be  considered  is,  whether  the  organic 
forces,  which  operate  in  the  organic  kingdom,  depend  either 
in  whole  or  in  part  on  the  molecular  forces  of  the  elements. 
This  is  indeed  a question  difScult  of  solution.  We  shall  see 
how  far  science,  in  its  present  state,  enables  us  to  reach  a 
satisfactory  result 

If  we  assume,  that  an  organic  whole  is  governed  by  a gene- 
ral force  oallcd  vital  force,  then  we  ascribe  to  that  whole 
something  which  is  not  learned  from  observation.  We  per- 
ceive an  aggregation  of  phenomena,  which  we  comprehend 
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in  a general  idea,  expressed  by  the  term  life but  that  idea  is 
a concrete  one.  It  consists  of  a multitude  of  parta  The  func- 
tion of  every  organ,  though  a function  of  life,  has  an  indi- 
vidual existence,  in  some  respects  separate  from  the  aggre- 
gation, in  others  not.  The  function  of  the  liver  is  not  de- 
pendent, and  yet  is  dependent,  on  that  of  the  kidneys ; — not 
dependent,  because  the  liver  has  within  itself  the  power  of 
secreting  the  bile,  with  the  requisite  organs  ; — dependent,  be- 
cause any  great  disturbance  of  the  function  of  the  kidneys 
influences,  and  may  even  prevent  the  secretion  of  the  bile. 
The  idea  of  health  implies,  as  the  principal  condition,  an  un- 
disturbed function  of  each  organ  and  of  the  whole.  The  idea 
of  life  implies,  as  the  principal  condition,  the  exhibition  of 
the  cliief  phenomena,  the  subsistence  of  the  chief  actions, 
proper  to  this  whole. 

The  entire  organism,  and  consequently  each  organ,  each 
part  of  any  organ,  consist  of  elementary  substances,  which 
not  only  are  individually  supplied  with  indestructible  forces, 
but  may  possess  these  under  very  different  modifications. 
Oxygen,  hydrogen,  carbon,  nitrogen,  iron,  sulphur,  phosphorus, 
iodine,  are  the  substances  which,  by  mutual  combination,  pro- 
duce organic  bodies ; but  to  these  are  added  a great  many 
other  substances,  which  are  seldom  wanting  in  living  organic 
bodies.  A great  many  acids,  bases,  and  salts,  are  there  jiresent, 
which  are  just  as  indispensable  to  the  existence  of  organic 
substances,  as  the  eight  elements  above  mentioned.  Albu- 
men, for  instance,  is  an  albuminate  of  soda  ; casein  l.s  a combi- 
nation of  protein  with  suljihur  and  phosphate  of  lime ; — in 
a word,  the  intermixture  of  substances  in  the  organs,  and  so 
in  the  organism,  is  not  a simple  but  a complex  one. 

All  those  elements  and  compounds  arc  severally  accom- 
panied by  forces  of  their  own.  Their  materiality  *is  by  no 
means  to  be  called  their  chief  characteristic,  but  that  by 
which  matter  is  governed,  i.  e.  its  peculiar  force.  They  all 
manifest  themselves  as  adapted  for  mutual  combination,  and 
appear  after  such  combination  as  new  substances,  of  which  the 
forces  are  again  modified,  and  ajiplicd  by  the  chemist  to  pro- 
duce new  combinations. 
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If  we  pass  in  review  the  substances  present  in  the  organic 
kingdom,  we  perceive  an  endless  series  of  combinations  from 
either  two,  three,  or  four  elements  only.  This  is  enough  to 
show,  that  there  is  an  unlimited  capacity  for  modification  in 
the  primary  forces  which  operate  in  the  elements.  The  in- 
fluence of  one  element  upon  another  is  thus  unlimited  also. 
A sliglit  diflFcrence  in  the  state  of  an  element  is  suflfleient 
to  give  it  the  appearance  of  a new,  an  entirely  peculiar,  sulv 
stance,  as  compared  with  the  other  elements.  Let  us  take, 
for  example,  starch,  gum,  sugar,  acetic  acid,  glucic  acid, 
innline.  All  these  are  composed  of  the  same  elements,  taken 
in  the  same  proportions.  Thus  they  consist  severally  in  equi- 


valents of 

Carbon.  Hydrogen.  Oxygen.  Water. 

Starch, 12  9 9 HO 

Gum, 12  9 9 -t-  HO 

Sugar,- 12  9 9 

Acetic  acid, ^ X 12  9 9 

Glucic  acid, | X 12  9 9 — liHO 

Inuline,- 2 x 12  9 9 + 2H0 


The  carbon  of  one  of  these  substances  is  no  doubt  equal  to 
the  carbon  of  any  of  the  others,  in  so  far  as  it  exhibits  the  same 
properties,  if  separated  from  its  combination.  But  it  is  incor- 
rect to  suppose,  that  the  carbon,  hydrogen,  and  oxygen  in 
sugar  are  identical  with  those  in  acetic  acid,  for  there  is  a 
great  diflFerence  between  sugar  and  acetic  acid,  and  we  cannot 
attribute  this  difference  to  anything,  but  to  the  diflFerence  of 
the  forces  by  which  the  same  substance  is  governed.  Thus, 
the  carbon,  hydrogen,  or  oxygen  is  not  in  any  two  cases  sup- 
plied with  the  same  properties.  They  assume  in  each  sub- 
stance a peculiar  form.  The  general  idea  comprehending 
carbon,  hydrogen,  or  oxygen  in  sugar  and  acetic  acid,  must 
therefore  be  modified,  because  the  forces  peculiar  to  matter 
must  necessarily  be  modified,  as  matter  is  itself  unalterable. 

This  will  appear  clearly,  if  we  consider  the  combinations 
of  carbon  with  hydrogen.  If  we  supposed  the  carbon  and 
the  hydrogen  in  C5H<,  ClORS,  C15H12,  C20H16,  to  be  always 
the  same,  we  should  be  constrained  to  assume  the  identity  of 
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the  substances,  and  any  distinction  would  be  impossible* 
Among  the  elements  we  know  a considerable  number  which, 

• The  term  impoagibU  here  used  appears  to  me  to  be  too  strong.  It  restricts 
more  than  is  necessary  the  powers  of  the  elementary  bodies  to  form  compound.s 
possessed  of  different  properties.  If  into  the  simple  combination  CH  one  of 
the  elements,  say  C,  enters  in  two  sereral  allotropic  states,  and  we  can 
readily  understand  that  and  C^H  would  or  might  be  different  sub- 

stances, the  peculiar  properties  of  which  arose  from  the  peculiar  state  in  which 
the  C existed  in  each.  This  is  Mulder’s  view,  generalized  from  the  very  inte- 
resting facts  contained  in  Berzelius'  paper  upon  the  combinations  of  sulphur 
with  phosphorus,  to  which  he  subsequently  refers.  The  idea  is  very  simple 
and  very  beautiful,  and  throws  a new  light  upon  the  combinations  of  the  organic 
kingdom. 

But  how  do  the  allotropic  states  of  the  elementary  bodies  themselves  arise  1 
It  is  the  effect  of  circumstances,  which  are  special  for  each  state,  upon  the 
forces  of  cohesion  which  reside  within  the  similar  molecules.  Of  course  we 
cannot  describe  the  way  in  which  different  circumstances  act  upon  the  mole- 
cules so  as  to  produce  these  different  states.  It  may  be  that  under  certain 
conditions  the  forces  become  stronger  in  a given  direction,  and  cause  the  mo- 
lecules to  unite  in  that  direction  rather  than  in  another.  And  that  such  an 
arrangement,  by  different  sides,  or  at  different  distances,  docs  sometimes  take 
place  among  the  elementary  molecules,  is  shown,  I think,  by  the  fact,  that  in 
their  several  allotropic  states,  carbon  and  sulphur  crystallize  in  different  forms. 

Now,  if  a new  and  different  arrangement  of  the  molecules  cause  or  accompany 
a new  allotropic  state  in  the  elementary  body,  may  it  not  be  so  also  in  the 
compound  body  1 If  and  be  different  substances,  because  in  each 
the  elementary  molecules  of  C are  in  a different  state  of  arrangement,  may  not 
C>H‘  and  C*H*  bo  different  respectively  fkom  C^H  and  Cj^H,  because  of 
(or  in  connection  with)  a new  arrangement  of  the  equivalents  of  which  they 
severally  consist  1 

We  thus  recognise  two  causes  of  diversity  among  isomeric  and  polymeric 
bodies. 

1°  The  different  allotropic  states  of  the  elementary  bodies,  these  being 
probably  caused  by  a change  in  the  relative  positions  or  distances  of  their 
molecules. 

2°  A new  arrangement,  in  distance  or  position,  among  the  equivalents, 
whether  of  simple  or  compound  bodies,  the  allotropic  states  of  the  elements 
remaining  the  same. 

3°  Both  of  these  causes  may  operate  together.  Some  of  the  equivalents  of 
C or  II  may  bo  in  one  state,  some  in  another,  and  they  may  arrange  them- 
selves in  many  different  ways,  so  as  in  a complex  body  like  protein  to  produce 
numberless  diversities  or  modihentions  in  appearance  anil  properties,  U(c  ulti- 
mate chemical  composition  remaining  the  same. 

In  other  words,  we  may  have  an  allotrope  of  the  elementary  molecules,  an 
allolrope  of  the  compound  equivalents,  or  a combination  of  the  two. — J.i\  tV.J. 
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without  entering  into  any  combination,  present  an  entirely 
difierent  appearance,  in  consequence  of  but  a slight  difference 
in  the  circumstances  under  which  they  are  placed  For  ex- 
ample, phosphorus  becomes  black  when  heated  and  then  sud- 
denly cooled ; and  by  means  of  a red  heat  merely,  silica  is  so 
modified,  that  the  substance,  after  and  before  the  application 
of  such  heat,  might  be  taken  for  two  different  substances,  if 
we  looked  to  its  properties  only.  The  interesting  experiments 
recently  made  by  Berzelius,  as  to  the  allotropic  character  of 
phosphorus,  have  opened  a new  path  for  scientific  investiga- 
dona  If  the  nmjie  substances  can  assume  the  permanent 
appearance  of  unlike  bodies,  without  forming  any  combina- 
don,  their  compounds  can  do  so  much  more.  And  such  an 
assumption  of  other  characters  must  take  place  in  all  cases, 
in  which  no  other  mode  remains  of  explaining  the  diversity  of 
the  compounds,  than  in  the  supposition  of  a real  difference  in 
the  component  elements  themselves. 

If  we  apply  these  principles  to  the  known  compounds,  a 
field  of  boundless  extent  is  opened  to  our  view.  What  we 
call  protein  in  animal  chemistry,  is  a substance  which,  we 
know,  is  composed  of  which  is  insoluble  in 

water,  alcohol,  or  ether,  but  soluble  in  alkalies,  whence  it 
can  be  precipitated  by  acids ; and  which  yields  ammonia 
when  acted  on  by  powerful  bases,  &c.  But  what  meaning  do 
we  attach  to  all  this  ? What  conception  do  we  form  from 
these  considerations  of  the  substance  itself?  We  have  a mere 
idea  of  distinction,  in  comparison  with  other  substances  which 
have  another  atomic  composition,  and  are  soluble  in  water, 
alcohol,  or  ether,  which  in  other  words  possess  different  pro- 
perties. But  as  little  ground  have  we  for  supposing,  that 
protein  is  the  same  in  the  very  different  modifications  to 
which  it  is  subjected  in  the  bodies  of  animals,  as  we  have  for 
saying  that  the  carbon  in  the  sugar  and  in  the  acetic  acid  is 
governed  by  the  same  forces.  The  carbon  in  these  two  sub- 
stances cannot  therefore  be  comprehended  under  the  same 
idea. 

It  is  said  in  physiology,  that  in  the  embryo  of  the  egg  there 
is  nothing  but  a shapeless  mass,  which  by  decomposition  pro- 
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duces  always  tlie  same  substance, — that  is,  a compound  of  pro- 
tein. From  this  embryo,  however,  is  gradually  evolved,  dur- 
ing the  growth  of  the  egg,  a series  of  germs  of  organs,  which 
are  soon  developed  as  entire  organs,  together  composing  the 
chicken.  A general  force  is  assumed — influencing  that  shape- 
less mass,  the  embryo,  originally  existing  as  a whole — and 
represented  as  the  same  with  that  which  the  complete  ani- 
mal possesses.  Muller  says:  “The  simple  embryo,  which 
consists  of  a granular  and  shapeless  substance,  is  to  be  re- 
garded as  the  potential  whole  of  the  future  animal,  supplied 
•with  the  essential  and  specific  force  of  the  future  animal 
itself”* 

No  idea  can  be  less  distinct  than  this.  According  to  M id- 
ler, the  forces,  which  will  afterwards  govern  the  organs  of  the 
chicken,  should  be  present  before  the  existence  of  those  organs 
themselves — before  the  production  of  an  organism  from  the 
granular  and  shapeless  substance  of  the  embryo. 

If  we  recur  to  what  we  have  stated  as  to  the  idea  of  force, 
then  we  see  that  Muller  has  deviated  far  from  the  true  me- 
thod of  physical  investigation.  In  physiology,  the  existence 
of  a similar  general  force,  governing  the  whole,  is  assumed  in 
the  fully  formed  organism.  Respiration,  the  circulation  of 
the  blood,  the  function  of  the  nerves,  &c.,  are  effected  by  one 
force,  which  is  called  vital  force.  This  vital  force  causes  re- 
spiration here,  digestion  there,  the  secretion  of  the  saliva  and 
of  the  pancreatic  juice  in  other  parts  of  the  body.  It  maintains 
at  once  the  substance  of  the  bones,  of  the  muscles,  and  of 
the  brain.  It  is  supposed,  that  this  same  force  is  modified 
with  reference  to  the  different  organs  which  it  influences. 
This  idea  is  also  inconsistent  with  a sound  method.  What 
would  remain  of  the  primary  idea  of  force,  if  we  saw  force 
here  causing  motion,  there  effecting  a chemical  alteration, 
elsew'here  producing  feelings  or  sensations  ? It  seems  to  me, 
that  in  its  ordinary  signification,  vital  f)rce  expresses  an  idea 
as  incorrect,  as  if  we  supposed  that  one  single  force,  diflfer- 

* So  tnuBfl  man  die  Einfachc,  aus  kSrnigcm  fonniosen  StoiT  bestchende 
Keimacheibc,  nl»  da«  potcnticllo  gsnze  des  SpUtem  Thicres  bctrachten,  begabt 
mit  dcr  weaentlicben  nnd  Bpccifigchen  Kraft  dee  SpXtcm  Thierc*.  (Phyaio- 
Jogic,  i.  p.  23.) 
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ently  modified,  operated  in  a battle  fought  by  thousands, — a 
force  which  acted  so  as  to  fire  cannons  and  muskets,  cut  with 
swords,  transfix  with  lances,  sound  trumpets,  and  keep  men 
and  horses  in  constant  agitation,  &c.  The  army  appears  as  a 
substantial  whole,  and  produces  phenomena  The  organism, 
composed  of  the  most  different  organs,  also  appears  as  a sub- 
stantial whole,  and  produces  phenomena  If  we  assume,  for 
the  latter,  a single  force,  differently  modified,  as  the  organs 
vary, — a single  rital  forc«,  by  which  the  whole  is  animated, — 
then,  to  be  consistent,  we  should  assume  a fighting  force  in  a 
battle  The  existence  of  such  a vital  force  has  by  some  writers 
been  maintained,  by  way  of  distinguishing  animate  from  in- 
animate nature  ; for  in  a stone  there  is  no  appearance  of  a 
general  force  of  so  singular  a kind,  as  to  assume  constantly 
new  forces  according  to  the  nature  of  the  organ,  that  is,  in- 
fluenced by  it  A prejudice  in  favour  of  living  nature,  as 
peculiarly  directed  and  sustained  by  the  Almighty  hand,  has 
caused  every  opinion  which  conceived  of  these  forces  as  re- 
siding in  the  molecules  themselves,  to  be  looked  upon  as 
savouring  of  materialism.  It  was  not  borne  in  mind  that,  in 
adhering  to  an  intricate  and  obscure  idea  of  vital  force,  we 
do  not  at  all  approach  to  an  acquaintance  with  the  manner 
in  which  the  organic  world  is  maintained  by  that  Almighty 
Being,  who  with  unlimited  wisdom  created  and  still  sustains 
every  animate  and  inanimate  substance  Let  us  then  proceed 
to  inquire  what  forces  we  must  regard  as  existing  in  organic 
substances,  and  where  we  must  commence,  so  as  to  arrive 
at  a sound  conclusion. 

Let  us  ascend  from  the  simple  to  the  compound.  It  has 
been  ascertained  from  observed  facts,  especially  from  the 
application  of  these  by  Liebig,  that  some  plants*  will  grow, 
when  supplied  with  carbonic  acid,  ammonia,  and  water,  pro- 
vided the  bases  andacids  be  added  to  these — ^the  salts,  that  is — 

* Br  nring,  that  tome  planta  tng  grow,  it  u not  implied  that  planta  in  gc- 
aenl  do  not  extract  soluble  organic  anbstances  from  the  soil,  viz.,  hnmatc  of 
ammonia,  crcnic  acid,  apocrenic  acid,  Ac.  It  has,  however,  been  ascertained,  that 
many  jdants  can  produce  organic  compounA-i  from  carbonic  acid,  water,  aud  am- 
monia. (See  infra,  AralAt  Soil.) 
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which  are  necessary  to  every  kind  of  plant.  Now,  it  must 
be  supposed,  either  that  the  plants  are  nourished  by  carbonic 
acid,  water,  and  ammonia ; that  with  new  materials  the 
plants  receive  new  forces  from  those  bodies ; or  that  the 
plants  can  themselves  communicate  forces  to  the  dements  of 
carbonic  acid,  water,  and  ammonia  The  idea  of  communica- 
tion of  forces  is  unsound  ; it  is  only  what  is  substantial  that 
we  can  communicate.  Forces  may  be  excited,  they  cannot 
be  communicated. 

This  is  fully  explained  by  the  phenomena  produced  by  the 
magnet  A piece  of  steel  possesses  magnetic  forces,  though 
not  magnetised.  These  forces  are  slumbering,  that  is,  such  an 
equilibrium  exists  between  them,  that  they  cannot  be  exter- 
nally perceived.  They  nevertheless  exist.  They  reside  in 
the  molecules  of  the  iron.  Three  elementary  substances  are 
known,  to  which  they  are  peculiar : iron,  nickel,  and  cobalt. 
Every  particle  of  these  metals  is  possessed  of  the  same  forces, 
and  these  forces  can  produce  that  scries  of  magnetic  pheno- 
mena which  science  has  observed.  But  these  forces  cannot 
be  communicated  to  tin,  lead,  or  silver.  When  we  appear 
to  communicate  them  to  a piece  of  steel,  we  merely  excite 
what  previously  was  hidden  in  it — we  separate  what  bad 
been  united.  In  the  same  way,  plants  excite  forces  in  the 
elements  of  carbonic  acid,  water,  and  ammonia,  whenever 
these  are  absorbed,  and  their  elements  are  combined  in  dif- 
ferent modes,  so  as  to  form  acids,  bases,  neutral  compounds, 
resins,  fats,  volatile  substances,  &c.  If  there  be  only  excita- 
tion from  the  plants,  then  the  forces  originally  existed  in  the 
elements  of  carbonic  acid,  water,  and  ammonia:  that  is, 
though  slumbering,  they  are  present  Hence  it  results,  that 
every  transformation  in  plants  is  effected  by  the  molecular 
forces  of  carbon,  hydrogen,  oxygen,  and  nitrogen, — the  ele- 
ments of  carbonic  acid,  water,  and  ammonia, — the  forces  being 
excited  in  these  elements  by  the  plants  themselvea 

By  the  plants  themselves  ? What  does  this  mean  ? Does  the 
entire  plant  excite  slumbering  forces  in  carbonic  acid  at  the  very 
moment  the  acid  enters  the  plant  ? Or  is  such  excitation  pro- 
duced by  some  one  part  of  the  plant  ? It  is  produced  by  the 
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fut  of  the  plant,  with  which  the  carbonic  acid  is  in  contact, 
M the  moment  it  becomes  changed,  producing  new  and  indeed 
aganie  substances  by  the  assistance  of  water,  or  of  water  and 
ammonia  Let  us  take  starch  as  an  example.  It  is  not  the 
entire  plant  which  produces  a grain  of  starch  from  carbonic 
acid  and  water,  with  separation  of  oxygen,  but  a small  organ 
of  the  plant  By  this  organ  a force  is  exercised,  exciting 
forces  which  slumbered  in  the  carbon,  oxygen,  and  hydrogen, 
or  rather  modifying  the  forces  existing  in  these,  so  that  12 
eqair.  of  carbon  (C’2)  combine  with  10  equiv.  of  hydrogen 
(IB®)  and  10  of  oxygen  (0^®),  and  from  12  equiv.  of  carbonic 
acld(12C0*)  and  lOof  water  (lOHO)  starch  is  produced — 24  of 
oxygen  (O^t)  passing  off.  • Any  one  who  imagines  that  there  is 
anything  else  in  action  than  a molecular  force,  than  a che- 
mical force,  sees  more  than  exists.  Such  a phenomenon  is 
common,  and  it  is  one  of  a chemical  nature,  produced  as  new 
combinations  are  in  the  inorganic  kingdom.  It  is  only  the 
circumstances  which  differ. 

Are  those  small  organs,  however,  necessary  to  the  manifes- 
tation of  such  forces  ? and  are  those  forces  to  be  found  only 
in  plants  ? Certainly  the  different  organs,  which  produce  dif- 
ferent substances  in  plants,  exert  peculiar  forces ; yet  these 
Ve  not  entirely  peculiar  to  those  organs.  Gum  and  sugar 
can  be  formed  without  the  intervention  of  the  plant,  as  well 
as  in  its  interior ; and  the  same  is  the  case  with  the  benzoic, 
the  cinnamic,  and  the  valerianic  acids.  The  chemical  forces, 
therefore,  which  proceed  either  from  the  minute  organs  of 
plants,  when  they  form  new  compounds  out  of  carbonic  acid, 
water,  and  ammonia,  or  from  these  substances  themselves, 
after  they  are  combined  in  some  manner,  may  be  excited  in 
a common  chemical  way  also ; and  so  far  as  this  cannot  l)e 
effected,  an  accidental,  not  a real  difference  is  the  cause. 
Every  compound  substance  requires  peculiar  circumstances 
fer  its  formation  ; that  is,  the  forces  in  the  elements  of  the 
compound  must  be  excited  by  the  influence  of  peculiar  cir- 
cumstances. Starch  and  cellulose  have  not  as  yet  been  pro- 

• We  do  not  mean  that  starch  is  formed  directly  from  CO’  and  HO ; we  have 
taken  an  example  from  a familiar  substance 
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duced,  except  in  the  living  vegetable,  and  may  never  be  so ; 
but  neither  is  sulphuric  acid  produced  in  plants  from  sulphu- 
rous acid  and  oxygen,  nor  hyper-manganic  acid,  nor  chloride 
of  iron,  nor  deutoxide  of  hydrogen,  nor  peroxide  of  potas- 
sium. The  forces  excited  in  the  elements  vary  with  the  in- 
fluence which  certain  agents — temperature,  moisture,  light, 
&c. — exert.  By  the  aid  of  crucibles  and  retorts,  therefore, 
compounds  can  be  formed  which  differ  from  those  produced 
by  the  organs  of  plants ; while  from  carbonic  acid  and  water 
plants  can  produce  cellulose  and  oxygen,  a result  which  can- 
not yet  be  attained  by  art. 

Of  what  do  these  small  organs,  producing  cellulose  and 
starch  in  plants,  consist  ? They  have  originally  been  pro- 
duced in  a similar  way  with  the  grains  of  starch  itself,  that 
is,  from  carbonic  acid,  water,  and  ammonia,  by  the  operation 
of  organs  previously  existing.  On  their  production  they  re- 
ceived peculiar  forces,  as  the  grain  of  starch  does.  The  differ- 
ence between  the  organ  producing  starch,  and  the  grain  of 
starch  produced,  is  not  that  the  former  can  alone  excite  force, 
and  that  the  latter  is  passive  ; — both  are  active  in  their  turn. 
If  starch  be  put  in  contact  with  nitric  acid  or  sulphuric  acid, 
the  latter  are  powerfully  decomposed  by  the  starch,  which  it- 
self at  the  same  time  is  altered.  Though  starch  be  formed  from 
carbon,  hydrogen,  and  oxygen,  it  still  exhibits,  under  different 
circumstances,  a great  variety  of  chemical  tendency  in  its  ele- 
ments, inducing  the  production  of  new  compounds.  Starch 
yields  gum  and  sugar  by  means  of  diastase ; sugar  may  be 
changed  into  carbonic  acid  and  alcohol  by  means  of  yeast  Al- 
cohol is  changed  into  oxide  of  ethyl  by  means  of  acids,  and 
into  haloid  compounds  of  ethyl  by  means  of  hydracids  ; when 
brought  into  contact  with  the  air,  and  either  an  organic  sub- 
stance or  spongy  platinum,  it  produces  acetic  acid ; with  a more 
elevated  temperature,  it  produces  aldehyd  ; by  means  of  chlo- 
rine, chloral ; and  lastly,  by  combustion  in  the  air,  carbonic 
acid  and  water.  At  this  point  the  primary  elements  of  starch 
re-assume  the  same  form  in  which  they  were  originally  pre- 
sented to  the  plants,  part  of  the  carbonic  acid,  however,  being 
separated  during  fermentation.  By  the  combustion  all  the  ele- 
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ments  become  fitted  again  for  nourishing  plants,  and  a small 
organ,  similar  to  that  which  produced  the  grain  of  starch, 
mar  again  produce  starch  from  this  carbonic  acid  and  water. 

To  express  briefly  what  we  have  now  endeavoured  to  ex- 
plain— no  excitation  of  the  forces  of  carbonic  acid  and  water 
could  be  effected  in  the  plant  by  its  organs  unless  those 
forces  already  existed,  any  more  than  chloral  could  be  pro- 
duced without  alcohol  and  chlorine. 

To  whatever  organ  of  plants  we  direct  our  attention,  all, 
without  exception,  are  formed  in  the  same  manner  as  the 
grain  of  starch,  and  all  have  received  peculiar  molecular  forces 
at  the  moment  they  were  formed  from  chemical  moleculea 
The  notion  that  heterogeneous  forces  can  excite  each  other 
is  opposed  to  the  primary  idea  of  force  The  force  of  gravita- 
tion cannot  excite  the  magnetic  force.  It  is  only  homogene- 
ous forces  that  can  set  each  other  in  action.  Every  decompo- 
ntion,  every  formation  of  new  compounds,  the  products  of 
molecular  forces,  can  therefore  be  effected  by  molecular  forces 
alone ; in  othm'  words,  the  small  organs,  which  form  a new 
compound  from  substances  supplied  to  them,  and  which  dis- 
turb the  existing  chemical  equilibrium,  can  do  so  only  through 
chemical  forces  possessed  by  them — through  the  chemical  ten- 
dency possessed  by  their  elements.  This  is  the  source  of  every 
excitation  of  new  forces  giving  rise  to  a new  combination. 
Further,  these  exciting  forces  proceed  not  from  masses,  but 
from  molecules ; they  are  molecular  forces,  and  have  there- 
fore nothing  in  common  with  what  proceeds  from  the  whole 
individual.  Starch  is  not  formed  by  the  plant,  but  by  the 
molecules  of  the  organ  in  which  it  is  produced,  because  those 
molecules  modify  the  chemical  equilibrium. 

This  may  be  explained  by  an  example.  During  the  trans- 
formation of  starch  into  gum  by  siJphuric  acid,  each  mole- 
cule of  the  acid  influences  each  molecule  of  starch,  the  latter 
thereby  becoming  gum  ; — the  mode  in  which  the  elements  of 
starch  are  combined  is  changed  by  the  sulphuric  acid,  the 
alteration  proceeding  from  molecule  to  molecule.  The  pro- 
duction of  gum  from  starch  in  the  organs  of  plants  is  similarly 
effected. 
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Wherever  forces  arc  found  in  organic  nature,  there  are 
substances  which  are  all  supplied  with  molecular  chemical 
forces.  Even  those  singular  structures,  the  nerves,  consist  of 
the  same  elements  as  the  ordinary  substances  of  the  organic 
kingdom.  It  is  thus  undeniable,  that  the  molecular  forces 
act  a chief  part  in  the  organism,  so  far  as  a change  of  sub- 
stances takes  place  therein ; and  that  no  genehil,  ho  vital 
force,  should  be  assumed  as  the  source  of  those  molecule 
forces.  Such  a vital  force  is  irreconcilable  with  the  true 
principles  of  science,  which  require  that  nothing  should  be 
assumed  as  existing,  but  that  every  thing  should  be  sought 
for  in  nature ; which  teach  us  to  ascend  only  from  an  un- 
prejudiced consideration  of  the  phenomena  to  their  causes, 
and  to  assign  those  causes  only  as  we  deduce  them  from  the 
observed  phenomena. 

B.  The  Detelopment  of  a Germ. 

If  we  review  the  phenomena  of  life,  caused  by  change  of 
materials,  we  must  go  back  to  the  original  formation  of  oi^ns 
— to  the  growth  of  an  individual  from  a germ.  We  jierceive 
no  greater  traces  of  the  future  oak  in  the  acorn,  than  of  the 
chicken  in  the  embryo  of  the  egg.  Should  we  say  that  the 
acorn  is  governed  by  an  oak-forming  force,  the  embryo  by 
a chicken-forming  force  ? Does  there  exist  a general  force, 
which  governs  in  particular  all  the  molecules  of  tannic  acid, 
starch,  cellulose,  &c.,  in  the  acorn,  and  all  the  particles  of 
protein  in  the  embryo  of  the  egg  ? A particular  or  pecuUair 
force  is  the  active  cause  of  peculiar  elfects ; a general  force  is 
the  active  cause  of  general  effects.  Nobody  can  form  any 
other  idea  of  the  terms.  Though  it  cannot  be  denied,  that 
in  the  embryo  the  rudiments  of  the  future  organs  of  the 
chicken  are  not  to  be  found ; yet  we  do  find  the  mate- 
rials from  which  the  first  rudiments  of  organs  will  be  pro- 
duced, that  is,  we  find  rudiments  of  rudiments.  The  forces 
which  are  inseparable  from  matter,  their  molecular  forces, 
arc  present  as  well  as  the  materials.  If  in  these  molecules 
there  exists  no  capacity  of  becoming  the  germ  of  organs,  and  if 
‘in  tlie  germ  of  organs  there  exists  no  capacity  of  ultimately 
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becoming  organs,  no  chicken  at  all  iS  produced  This  capa- 
city, this  predisposition,  must  be  present  in  the  molecules, 
otherwise  the  heat  necessary  for  hatching  would  be  insuffi- 
cient to  produce  germs  of  organs  in  the  first  place,  and  organs 
afterwards.  This  is  the  only  reason  why  the  embryo  of  the 
wOl  not  produce  an  oak,  nor  an  acorn  a chicken. 

As  the  materials  differ,  so  do  their  forcea  Some  who  con- 
cur  in  this  conclusion  are  of  opinion,  that  the  granular  shape- 
less mass,  which  they  suppose  exists  in  a passive  state,  is 
acted  upon  by  a power  that  can  only  be  described  as  a 
chicken-forming  force  in  the  embryo.  This  mass  is,  according 
to  Muller,  “ begabt  mitder  wesentlichen  und  specifischen  Kraft 
des  spiitem  Thieres,”  (supplied  with  the  real  and  specific  force 
of  the  future  animal).  This  animal,  however,  does  not  as  yet 
exist,  and  not  even  a single  organ,  nor  the  germ  of  a single 
organ  ; and  are  we  to  suppose  that  in  that  shapeless  mass  the 
pecvliar  forces  of  the  animal  exist,  though  that  animal  itself 
does  not  yet  exist  ? I must  acknowledge  that  1 can  scarcely 
imagine  a gall-secreting  force  in  the  perfect  liver;  and  I 
believe  that  no  human  being  can  possibly  conceive  of  a gall- 
secreting  force  in  the  embryo  of  the  egg,  which  does  not  yUt 
possess  even  the  rudiment  of  a liver.  This  idea  is  adso  unphy- 
sical  In  the  science  of  nature,  we  infer  that  forces  exisft 
whenever  phenomena  are  observed  ; but  if  the  non-existence 
of  the  organs,  by  which  they  are  produced,  render  such  phe- 
nomena impossible,  no  question  can  arise  as  to  such  forces. 
No  forces  peculiar  to  the  future  animal,  therefore,  can  exist  in 
tlie  embryo. 

Let  us  take  an  example  from  the  inorganic  kingdom.  If 
we  evaporate  a solution  of  sulphate  of  soda  in  water,  we  get 
prisma  In  what  form  must  we  suppose  that  the  sulphate  of 
soda  exists  in  the  solution  ? In  that  of  minute  prisms  ? By  no 
means  In  that  of  molecules,  supplied  with  a prism-forming 
force?  We  must  reject  this  supposition  too.  There  e.xists  only 
a force  of  molecular  attraction  in  a determinate  direction,  the 
formation  of  the  prism  being  the  last  result.  Between  the  first 
attraction  of  the  molecules  in  a determinate  direction,  and  that 
result,  a great  variety  of  .states  of  the  particle.s  intcj>- 
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veaes, — a great  many  forces  come  into  action,  which  are  pre- 
sent, and  excited  only  when  the  molecules,  by  the  position  they 
have  already  obtained,  cause  them  so  to  be  excited  in  and  by 
each  other.  According  to  the  doctrine  of  isomorphism,  the  ar- 
rangement of  the  molecules  causes  the  formation  of  the  prism  ; 
for  every  substance  composed,  for  instance,  of  MO  and  RO®,  as- 
sumes forms,  among  wliich  a crystallographic  connection  ex- 
ists.* But  as  we  have  no  reason  for  imagining  a prism-form- 
ing force  in  each  of  these  isomorphic  substances,  in  sulphates, 
seleniates,  &c. ; so  have  we  none  for  holding,  that  this  primary 
force,  dependent  on  the  position  of  the  chemical  molecules, 
is  the  only  cause  of  all  the  phenomena  perceptible  during  the 
formation  of  prisms. 

Let  us  apply  this  to  the  substances  present  in  the  embryo. 
Whoever  perceives  in  them  nothing  but  protein  and  certain 
salts,  examines  that  shapeless  mass  in  a very  cursory  manner. 
Our  object  should  be  to  mark  what  we  see  evolved  from 
it,  namely,  compounds,  which,  in  chemical  composition,  differ 
either  slightly,  or  not  at  all,  from  protein  ; but  which,  never- 
theless, do  differ  from  it 

The  shapeless  mass  begins  to  exhibit,  here  and  there,  very 
small  points,  that  is,  arranged  particlea  These  are  produced 
from  the  existing  materials — their  forces  being  excited  by  the 
increase  of  temperature.  Without  elevation  of  temperature, 
such  new  arrangement  of  particles  cannot  be  effected  ; but  at 
the  sgme  time  the  molecules  must  possess  a capability  of  being 
arranged,  just  as  those  of  the  sulphate  of  soda.  The  first  crys- 
tals of  this  salt  cannot  be  formed  without  the  evaporation  of 
the  water,  &c.,  and  without  a power  in  the  molecules  of  at- 
tracting each  other  in  a determinate  direction.  In  the  embryo, 
this  arrangement  of  the  particles  increases  more  and  more,  so 
as  to  produce  a greater  complication.  That  does  not  result 

* MO  denotes  the  protoxide  of  any  metal  M,  or  a combination  of  one  eqni- 
valent  of  oxygen  (0),  with  one  of  metal.  BO*  representa  an  acid  compoaed  of 
one  equivalent  of  any  radical  K — such  as  sulphur  or  selenium — with  3 equi- 
valents of  oxygen  (O’).  All  compound  sulphates,  seleniates,  Ac.,  represented 
by  MO-t-RO’,  in  which  M may  be  any  one  of  several  metals,  and  R any  one 
of  several  radicals,  crystallize  in  forms,  which  are  cither  identical,  or  arc  dose- 
ly  related  to  each  other. — 1. 
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from  the  primary  molecular  forces,  till  after  they  are  modified 
by  those  other  forces  which  the  substances  received  on  their 
first  arrangement  That  first  arrangement  of  the  particles  in 
the  embryo,  as  well  as  the  subsequent,  must,  of  course,  differ 
from  that  of  sulphate  of  soda^  because  protein  differs  from  sul- 
phate of  soda  But  neither  is  the  protein,  in  each  of  its  parti- 
cles, the  $ame  protein  in  a chemical  tente,  that  is  to  say,  yielding 
on  analysis  no  other  result  than  ; the  protein, 

therefore,  does  not  always  possess  the  same  primary  arrang- 
ing forces.  A minute  difference  of  condition  causes  the  de- 
position of  sulphate  of  soda  in  very  different  forms,  either 
with  10  equiv.  of  water  of  crystallization,  or  without  any ; 
the  former  are  produced  at  a temperature  below,  the  lat- 
ter at  a temperature  above,  91°  Fahr.  The  molecules  of 
the  substances  which  occur  in  the  organic  kingdom — those 
of  carbon,  hydrogen,  oxygen,  and  nitrogen — seem  to  possess 
an  unlimited  power  of  forming  mutual  combinationa  The 
number  of  compounds  which  they  form,  indeed,  is  incalcu- 
lably great  That  power  is  inherent  in  these  elements ; 
neither  in  the  animal,  nor  in  the  vegetable  kingdom  do  they 
acquire  it ; it  is  only  excited  therein.  The  diversities  of 
form  which  the  elements  of  sulphate  of  soda  may  give  rise 
to,  are  very  limited ; but,  on  the  other  hand,  the  elements  of 
protein,  by  their  unlimited  power  of  chemical  arrangement, 
can  originate  endless  diversities  of  combination.  If  subjected 
to  chemical  examination,  each  particle  of  the  embryo  in  the 
egg  would  appear  to  be  protein  ; but  by  such  examination  we 
could  not  discover  the  peculiar  condition  which  makes  one 
particle  differ  from  another.  We  can  no  more  explain  this 
than  we  can  the  real  difference  between  the  transparent  and 
the  milky  arsenious  acid,  between  the  yellow  and  the  red 
bin-iodide  of  mercury.  We  perceive  the  differences,  however, 
and  therefore  admit  their  existence ; and  so  when  we  per- 
ceive them  in  reference  to  albumen,  fibrin,  casein,  we  are 
equally  constrained  to  admit  them. 

Undoubtedly  the  differences  which  exist  between  the  par- 
ticles of  the  same  organic  substances  arc  not  chemical,  in  the 
ordinary  gross  signification,  but  are  of  the  nature  of  those 
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which  are  connected  with  polymorphism.  The  cliemist  gives 
us  but  a rude  result — the  composition  in  a hundred  parts, 
frequently  not  affording  us  any  insight  into  either  the  real 
characters  of  substances,  or  into  their  real  differences  When- 
ever such  dissimilar  particles  come  together,  a compound  must 
be  produced,  possessing  peculiar  forces,  which,  though  depen- 
dent upon  the  molecular  forces  of  the  elements,  are  yet  not  de- 
termined by  these  alone.  The  new  arrangement  causes  a mo- 
dification  of  those  primary  forces.  Whenever  it  takes  place, 
they  appear  modified,  and  therefore  indicate  their  presence 
by  producing  new  effects  In  sulphate  of  soda,  the  whole 
collected  forces  of  its  constituent  molecules — those  of  sul- 
phur, sodium,  and  oxygen — are  still  existent ; and  upon  these 
alone  depend  its  qualities,  composition,  and  crystalline  form. 
Sulphate  of  soda  cannot  possess  other  qualities — cannot  be- 
come other  in  property — than  what  results  from  its  elements, 
and  exclusively  originates  in  these. 

Thus,  then,  we  suppose  that  the  molecules  of  the  substances 
in  the  embryo  are  arranged,  in  the  first  place,  simply,  and  after- 
wards more  complexly.  Not  a trace  of  any  organ  is  as  yet  per- 
ceptible, however ; nor  of  any  force,  therefore,  by  which  these 
organs  will  be  governed.  By  the  new  arrangement  of  the  par- 
ticles, the  molecular  forces  are  modified  anew,  and  this  pro- 
cess is  continuous.  Although  the  primary  forces,  once  united 
with  the  materials,  remain  the  source  of  every  action,  of 
every  manifestation  of  plrcnomena,  of  every  chemical  and 
organic,  that  is,  physical,  combination ; they  must,  neverthe- 
Ies.s,  produce  different  effects,  as  the  combinations  become 
more  complex.  Each  existing  particle  is  the  genu  of  a sub- 
sequent one,  which  is  more  complex  ; and,  while  the  tempera- 
ture necessary  for  hatching  keeps  the  primary  forces  always 
excited,  there  is  originated  in  the  new  arrangement  of  the 
particles,  and  also  in  the  forces  proceeding  from  the  groups 
recently  formed,  a modification  of  these  primary  forces,  which 
is  constantly  on  the  increase. 

The  wlmle  material  of  the  embryo  iu  the  egg  is,  in  this  man- 
ner, gradually  brought  within  the  circle  of  action.  Then  the 
circle  is  still  more  extended,  and  in  its  action  are  compre- 


Digitized  by  Google 


VEQETABLS  AND  ANIMAL  PfiYSIOLOCY. 


75 


hended  the  elements  of  the  yolk,  and  also  of  the  albumen. 
These  are  erroneously  called  the  food  of  the  newly  formed 
chicken,  or  its  rudiments.  In  these  elements  there  are  forces 
also  conjoined  with  the  materials — chemical  forces,  analogous 
to  those  which  exist  in  the  embryo,  and  contributing  to  the 
production  of  the  whole.  These  forces  differ  from  those 
found  in  the  embryo,  not  in  nature,  but  only  in  direction, 
or  in  the  mode  of  manifestation. 

Thus  we  do  not  at  all  suppose  that  the  molecules  of  the 
heart  in  the  complete  chicken  existed  in  the  germ  as  heart- 
molecules,  or  the  molecules  of  the  intestinal  canal  as  in- 
testinal molecules.  No,  but  a series  of  successive  transforma- 
tions proceeds  in  the  embryo — the  production  of  the  heart,  of 
the  intestines,  of  the  whole  chicken,  being  the  final  result 
Neither  do  we  suppose,  therefore,  either  a heart  or  intestine- 
forming  force  in  the  germ,  but  a gradual  evolution  of  new 
series  of  forces,  resulting  from  the  same  primary  forces  of  the 
molecules  of  carbon,  hydrogen,  oxygen,  and  nitrogen,  and 
which  are  to  be  considered  as  so  many  exhibitions  of  new 
groups,  produced  in  their  turn  by  the  causes  previously  in 
operation. 

In  this  way,  therefore,  neither  does  a gall-secreting  force 
exist  previously  to  the  production  of  a Kver,  nor  the  force 
which  effects  the  circulation  of  the  blood  previously  to  the 
production  of  the  heart  and  blood-vessels. 

It  is  an  impenetrable  mystery  how  the  particles  of  sub- 
stances, both  organic  and  inorganic,  mutually  combine  in  dif- 
ferent modes ; and  after  they  have  so  combined,  again  form 
new  compounda  This  mystery,  as  regards  organic  substances, 
is  not,  however,  greater  than  that  which  surrounds  the  inot- 
gania  If  any  one  fancies  that  it  is  more  easy  to  conceive  of  the 
production  of  a crystal,  than  of  a texture  composed  of  fibres, 
globules,  and  cells,  that  is,  of  any  organ  ;-^f  the  origin  of 
a precipitate,  than  of  a primary  fibre  ; — of  the  state  in  which 
crystallixed  sugar  exists  in  solution,  than  of  the  first  rudiments 
of  organs  in  the  embryo, — he  egregiously  errs.  To  penetrate 
into  either  is  not  as  yet  permitted  to  man. 

To  express  our  idea  in  a few  word.s, — the  elements  of  the 
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organic  kingdom,  carbon,  hydrogen,  oxygen,  and  nitrogen, 
are  susceptible  of  endless  modifications  of  their  primary 
forces.  For  that’ reason  they  can  form,  with  minute  changes, 
a great  diversity  of  products  ; and,  by  the  operation  of  the 
same  primary  forces,  they  stand  towards  each  other  in  en- 
tirely different  relations  from  those  assumed  by  all  the  other 
elements  ; so  that  they  can  produce  a peculiar  series  of  bodies, 
which  arc  called  organic  substances. 

C.  Equivocal  Generation. 

Upon  the  principles  which  have  been  stated  above,  no 
room  is  left  for  the  dispute  as  to  equivocal  generation  and 
epigeneeii.  The  doctrine  of  epigenesis  has  originated  in  the 
idea,  that  every  living  thing  is  produced  from  ova  alone  ; 
because  in  these  only  can  all  the  forces  and  germs  of  organs 
exist,  which  are  found  in  the  future  plants  or  animals.  The 
dictum  of  Harvey,  Omne  vivum  ex  ovo,  has  been  strongly  de- 
fended, and  has  still  many  supportera  On  a sound  view  of 
organic  nature,  and  of  the  essence  of  organic  beings,  this  doc- 
trine appears  to  be  perfectly  reconc’dable  with  that  of  equivo- 
cal generation.  If  we  consider  an  ovum  as  an  organic  mole- 
cule, or  an  organic  body,  made  up  of  the  four  organic  elements, 
combined  in  various  groups,  then  the  conclusion  of  Harvey  is 
no  doubt  true.  It  is  still  true,  if  by  an  ovum  we  mean  a mole- 
cule of  a determinate  kind  ; for  this  is  also  proved  by  obser- 
vation. The  mites  of  cheese  are  peculiar  to  cheese ; and  from 
certain  parts  of  plants — fruits,  for  instance — peculiar  fungi 
are  produced  also.  It  is  a general  rule,  that  from  organic 
molecules  of  a given  and  determinate  kind,  only  specific  com- 
pounds— specific  or  peculiar  forms,  can  be  produced. 

The  term  ovum,  however,  has  been  taken  in  a limited  sense, 
to  signify  the  germ  of  an  individual,  produced  by  peculiar 
organs  only  : — a germ  in  wliich  everything  belonging  to  the 
future  animal  is  concentrated.  Such  ova,  we  have  seen,  do 
not  exist.  There  is  a development,  an  ascension  from  the  sim- 
ple to  the  complex.  According  to  the  supporters  of  epige- 
nesis, an  egg  is  such  a germ  as,  in  favourable  circumstances, 
always  produces  the  same  species.  And  in  reality,  the  sup- 
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porters  of  equivocal  generation  Jo  not  entertain  any  different 
idea.  In  their  opinion,  there  exist  certain  organic  substances, 
—organic  molecules, — which  are  capable  of  evolving  and 
forming  something  new,  whence  individual  plants  or  animals 
mv  also  finally  proceed.  Why  may  not  cheese  be  an  agglo- 
meration of  ova,  that  is,  of  molecules,  from  which  an  indivi- 
dual being  may  be  produced,  as  from  the  ovum  of  an  insect  ? 
It  cannot  be  denied  that  the  existence  of  the'spermatic  ani- 
malcules proves,  that  animals,  or  at  least  their  germs,  gradu- 
allv  growing,  by  merely  floating  in  a fluid,  may  be  secreted- 
What  we  know  of  the  acarus  scabiei,  the  filaria  aracunculus, 
the  echino-cocci,  and  a great  many  other  entozoa,  shows  that 
they  may  be  produced  from  ordinary  organic  molecules  in 
the  animal  body,  as  every  small  organic  globule  of  mucus,  for 
instance,  or  of  milk,  or  of  pus,  &c.,  is  formed.  As  the  germs 
of  the  spermatic  animalcules  are  secreted  animal  germs,  so 
may  the  molecules  of  casein  also  be  the  ova  of  mites,  though 
these  renmn  molecules  of  casein.  The  one  idea  is  not  ex- 
cluded by  the  other : — an  egg  consists  of  the  white  and  the 
yolk ; both,  however,  constitute  the  germ  of  a chicken.  In 
the  very  same  manner  the  ergot  of  rye  (secale  comutum)  is 
produced  From  the  top  of  the  same  fruit,  under  different 
circumstances,  a different  plant  arises — a fungus  instead  of  a 
grass. 

The  idea  of  an  ovum,  therefore,  coincides  exactly  with  that 
of  an  orpanie  molecule ; that  is,  of  such  a molecule  as  consists  of 
dements  which  may  exhibit  themselves  under  a change  of 
circumstances  in  infinite  modifications,  may  form  new  combi- 
nations, attract  other  elements,  incorporate  them,  unite  into 
definite  compounds,  and  thus  separate  from  other  bodies 
with  which  they  were  originally  combined  Among  species 
of  this  nature,  formed  from  organic  molecules,  are  the  mites 
in  cheese,  and  the  mould  upon  rotting  fruits, — resulting  from 
the  molecular  forces  of  the  elements,  like  the  spermatic  ani- 
nalculea 

Finally,  the  ordinary  ova  of  plants  and  animals  consist  of 
nothing  but  organic  molecules,  such  as  those  of  which  all 
organic  substances  are  composed  They  are  products  of  or- 


Digitized  by  Google 


78 


THE  CHEMISTRY  OF 


ganic  bodies,  and  therefore  differ  neither  in  composition  nor 
in  character  from  tlie  germs  of  those  substances  which  are 
said  to  ori^nate  through  equivocal  generation-  Nay,  It  is  a 
^peculiarity  of  organic  molecules  that  they  produce  organic 
moleculea  As  regards  this  leading  characteristic,  ova  and 
organic  molecules  resemble  each  other.  Of  this  the  vegetable 
kingdom  exhibits  an  endless  variety  of  striking  examples- 
The  stem  of  a tree  produces  not  leaves,  but  branches  ; these 
branches  produce  not  leaves,  but  petiols,  and  the  leaves  grow 
from  the  extremities  of  these.  From  the  end  of  the  foot- 
stalk, a flower  grows,  in  the  same  manner  as  a stem  from  the 
seed  deposited  in  the  soil  No  other  part  can  produce  a 
flower.  And  in  the  flower  itself  every  separate  portion  derives 
its  nutriment  from  the  spot  to  which  it  adheres.  The  extreme 
cells  found  there  are  the  feeding-cells  of  entirely  peculiar 
parts,  which  no  other  kind  of  cells  can  produce. 

Each  cell,  therefore,  is,  as  it  were,  the  oyum  of  peculiar 
parts  of  plants ; as,  for  instance,  the  cells  at  the  very  extre- 
mity of  the  petiol  are  the  ova  of  the  evolving  leaf ; the  cells 
at  the  very  extremity  of  the  foot-stalk  are  the  ova  of  the  beau- 
tifully shaped  flower,  with  all  its  parts.  This  is  proved  in 
the  clearest  manner  by  grafting. 

The  idea  of  an  ovum  is  thus  reduced,  in  truth,  to  that  of  an 
organic  molecule  ; and  the  dispute  as  to  equivocal  generation 
and  epigenesis  is  at  an  end.  In  the  same  way,  however,  the 
general  vital  force  is  reduced  to  molecular  forces.  The  effqpts 
of  the  vital  force  are  effects  produced  by  the  cells,  which  are 
so  very  diversifled,  and  which  exhibit  phenomena  that  vary 
with  their  own  differences.  We  must  in  a single  plant  di- 
vide this  one  vital  force  into  thousands, — into  as  many  forces 
as  there  are  series  of  cells,  producing  different  substances.  In 
other  words,  we  must  reduce  them  to  what  is  effected  by  the 
cells  themselves ; and  thus  we  find  that  the  idea  of  vital  force 
coincides  with  that  of  molecular  force. 

D.  'Transference  of  Vital  Force. 

The  idea  of  transferring  vital  force  is  opposed  to  the  i(^a 
of  force.  A slumbering  force  is  awakened ; a weak  force  is^ 
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itrengtliened  ; but  it  is  impossible  to  imagine  the  transfer- 
ence of  a force  from  one  material  mass  to  another.  We  must 
first  refer  to  this  point  in  pausing  to  consider  the  manner  in 
which  we  must  conceive  of  the  transition,  into  a new  organic 
whole,  of  life  originating  in  another.  If  animals  impart 
vital  forces  to  their  offspring,  then  such  forces  must,  no  doubt, 
be  lost  by  themselves.  We  do  not  perceive,  however,  that 
this  takes  place  ; on  the  contrary,  they  retain  their  strength, 
sometimes  for  many  years,  after  having  produced  new  beings, 
completely  formed,  of  the  same  species.  The  tree  which,  for 
a great  many  years,  produces  fruit,  aad  the  seeds  of  which 
have,  in  great  numbers,  become  full-grown  trees  around  the 
parent  stem,  nevertheless  lives  as  at  first.  A single  poppy 
plant  produces  thousands  of  small  seed.s,  each  of  which  grows 
up  to  a poppy  plant,  equally  perfect  Hence  we  are  not  en- 
titled to  admit  the  idea  of  transference  of  vital  force,  even 
where  it  is  not  opposed  to  the  idea  of  force  Itself.  With  our 
own  eyes  we  perceive  the  evolution  of  that  force  from  its  phe- 
nomena. 

What  part,  then,  bears  the  germ  of  that  vital  force, 
which  is  afterwards  to  be  developed?  and  at  what  point  does 
the  development  commence?  It  is  the  poppy  seed  which 
bears  the  germ, — a small  quantity  of  organic  molecules,  dif- 
ferent in  nature  from  all  others, — some  carbon,  hydrogen,  ni- 
trogen, and  oxygen,  combined  in  a certain  manner  into  sub- 
stances, which  are  peculiar  in  respect  of  their  composition 
and  arrangement.  The  peculiar  quality,  which  distinguishes 
these  substances  from  amorphous  precipitates  and  crystals, 
they  owe  to  their  origin.  Their  elements  were  brought  into  a 
state  of  peculiar  tendency,  by  the  forces  residing  in  the  organic 
molecules  of  the  plant,  whose  influence  had  previously  go^ 
vemed  them  They  do  not  possess  more  than  they  exhibit, 
and  they  exhibit  nothing  but  a change  of  their  cheniical  com- 
position. The  seed  changes  its  starch  into  gum  and  sugar,  and 
90  chemical  forces  forthwith  appear,  which  seem  to  be  inti- 
mately connected  with  the  development  of  new  forma  An- 
other phenomenon  soon  succeeds,  namely,  the  absorption  of 
lubstances  from  without.  These  bring  something  with  them  : 
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they  are  not  merely  substance*,  but  the  residence  also  of  pe- 
culiar active  forces  to  which  they  owe  their  composition.  Of 
thes6  forces,  some  portions  combine  with  those  which  are  de- 
rived from  the  seed  itself.  And  now,  the  previously  existing 
molecule,  and  that  which  is  formed  from  external  matter,  both 
live  ; — the  former  through  what  it  received  from  the  parent- 
plant, — the  latter  through  its  having  assumed  the  form  of 
the  other.  This  conformity  arises  from  matter,  and  from  the 
property  which  matter  possesses,  of  obeying  the  action  of 
forces,  proceeding  from  the  first  molecule ; in  other  words, 
the  second  molecule  must  necessarily  be  endowed  with  the 
capacity  of  becoming  similar  to  the  first,  through  the  influ- 
ence of  the  first.  Thus,  the  second  molecule  did  not  receive 
its  peculiarities,  but  these  were  excited  in  it ; and  so  this 
Tnolecule  also  lives  as  well  as  the  first,  and  in  its  turn  can  take 
up  new  substances  from  without,  and  entirely  assimilate  them. 
So  again,  the  third  lives  also,  and  thus  is  life  gradually  extended. 
The  molecules,  after  being  once  arranged  in  a certain  manner, 
give  birth  to  new  arrangements,  to  new  forces,  as  we  endea- 
voured before  to  explain. 

From  what  has  been  stated,  it  will  sufficiently  appear,  that 
the  oak,  when  losing  its  acorns,  loses  none  of  its  vital  force  ; 
that  an  animal  loses  none  by  generation  ; — but  that,  in  both 
cases,  the  generating  substances  leave  only  certain  quantities 
of  matter,  endowed  with  the  power,  first,  of  somewhat  in- 
creasing, then  of  taking  up  other  substances,  and  with  these 
just  so  much  of  life  as  they  afterwards  manifest  Organic  sub- 
stances, whether  called  germs  or  food,  possess  properties  of  a 
peculiar  kind,  existing  in  the  four  elements,  of  which  they 
are  all  constituted. 
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CHAPTER  II. 

LNORGANIC,  ORGANIC,  AND  ORGANIZED  BODIES: 
PLANTS  AND  ANIMALS, 

All  bodies  divide  themselves  naturally  into  two  principal 
classes,  namely,  those  possessed  of  peculiar  oi^gans,  by  means 
of  which  certain  acts  are  performed,  and  those  which  are 
destitute  of  such  oigana  The  former  are  called  organized, 
the  latter  unorganized.  Those  substances,  which  are  either 
themselves  organized,  or  which  are  derived  from  such  as  are 
so,  are  called  organic  substances  ; those  which  contribute  to 
the  composition  of  unoi^nized  bodies,  are  called  inorganic 
substances. 

It  is  not  difficult  to  indicate  the  organs  of  an  oiganized  being, 
if  it  have  them  either  in  great  number,  or  very  much  de- 
Teloped.  Such  organs,  in  the  classes  of  the  so-called  higher 
animals,  are  the  eye,  the  stomach,  the  liver.  It  needs  no  length- 
ened demonstration  to  show  what  is  meant  by  such  organs  as 
these.  There  is  no  room  for  doubt.  Indeed,  as  to  the  appli- 
cation of  the  term,  in  even  the  least  developed  condition  of 
organized  beings  ; for,  in  general,  an  organ  signifies  an  instru- 
ment by  which  a certain  act  is  performed ; it  may  be  either 
a Tery  complicated,  or  a very  simple  on&  A mere  cell,  there- 
fore, is  such  an  organ  ; the  only  function  necessary  to  con- 
stitute it  such,  being  the  capabDity  oi  producing  cells  similar 
to  itself 

This  power  of  forming  new  substances  is  peculiar  to  a cer- 
tain class  of  natural  products.  Such  as  are  endowed  with 
the  requisite  instruments  are  called  organized.  Each  organ 
has  its  peculiar  office  assigned  to  it  But  all  the  organs 
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arc,  besides,  united  into  one  ^Yhole  : they  act  in  combination 
to  maintain  the  whole,  to  give  it  a substantive  existence,  to 
make  it  perform  certain  actions ; — in  a word,  they  form  by 
their  union  what  we  call  living  beings.  Living  beings,  there- 
fore, are  organized.  Organized  beings  and  substances  either 
have  lived,  or  are  still  living.  In  every  thing  that  either 
has  not  lived  or  does  not  live,  we  miss  those  organs,  which 
are  destined  either  to  produce  new  substances,  or  to  perform 
certain  actions ; and,  from  the  absence  of  those  organs,  their 
actions  also  are  wanting  in  such  as  are  unorganized. 

This  is  the  case  with  all  minerals.  Their  composition, 
however  regular  as  regards  their  form  and  the  proportions 
of  their  elements,  is  such  that,  without  the  intervention  of 
forces  acting  from  without,  the  mass  persists  in  the  state  in 
which  it  has  once  been  placed.  The  whole  is  composed,  in  a 
regular  manner,  of  parts,  which  are  quiescent  till  their  forces 
are  excited  by  external  causes.  But  all  plants  and  animals 
have  an  exactly  opposite  character.  Every  thing  belonging 
to  them  is  in  a state  of  continual  motion,  till  causes  come  into 
operation,  which  convert  that  motion  into  rest  This  motion 
is  accompanied  by  a constant  change  in  the  substance  of  their 
parts,  which  continues  even  when  the  mutual  harmony  of 
these  parts  is  disturbed, — the  substantive  existence  of  the 
individual  destroyed.  The  animal  and  vegetable  worlds  are 
made  up  of  an  endless  multitude  of  structures,  which  are  in  a 
state  of  almost  uninterrupted  activity ; — an  activity,  the  first 
indication  of  which  is  a change  in  their  constituents,  while 
its  farther  manifestations  are  characterised  by  a great  variety 
of  phenomena,  all  of  which  we  include  under  the  general 
name,  phenomena  of  life.  The  regular  recurrence  of  these 
phenomena  we  call  health;  their  disturbance,  ; their 

entire  suspension,  death ; their  harmonious  co-operation  for 
a common  end,  that  is,  primarily,  for  the  maintenance  of  the 
whole,  we  designate  life.  • 

The  minutest  portions  of  an  organized  being  consist,  for 
the  most  part,  of  very  small  organs,  which  unite  in  vast  num- 
bers to  constitute  a substantive  whole,  which  we  call  an  in- 
strument or  organ.  Such  is  the  liver  or  the  spleen.  Thus,  as 
an  organized  individual  consists  of  organs,  so  a larger  organ 
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consists  of  smaller  ones ; and  as  the  actions  of  an  individual 
nsnlt  from  the  combined  actions  of  all  its  organs,  so  again 
the  actions  of  any  larger  organ  are  nothing  but  the  combined 
actions  of  the  smaller  organs,  by  which  the  larger  is  made  to  , 

a{^)ear  as  a substantive  whole  So  also  in  most  organs,  the 
fimcdon  of  the  whole  is  made  up  of  all  the  functions  of  all 
its  parts  combined.  Thus,  the  simplest  form  of  a lung  is 
an  air-cell,  covered  with  a vascular  net  of  arteries  and  veins  ; 
the  smallest  form  of  a submaxillary  gland,  is  a small  grain,  into 
which,  on  one  side,  arterial  blood  enters,  while  the  secreted 
saliva  flows  from  It  on  another.  In  the  same  manner,  the 
Dmplest  form  of  a plant  is  a cell,  because,  if  numbers  of  these 
are  taken  and  placed  together,  in  various  orders,  they  produce 
a plant 

The  size  of  the  organs,  then,  by  no  means  determines 
whether  natural  products  are  either  organized  at  all,  or 
more  or  less  organized.  The  very  smallest  of  them  are  still 
organs — manifesting  themselves  by  certain  actions,  and  ori- 
pnating  phenomena,  not  wholly,  but  partly  dependent  on 
external  conditiona  Any  substance,  however,  which  pos- 
sesses a greater  variety  of  these  organs — each  of  which,  by 
themselves,  or  with  their  respective  groups,  perform  several 
actions  — is  properly  said  to  be  more  organized.  There 
exists  in  nature  an  astonishing  variety  of  such  substances. 

Some  are  of  exceeding  simplicity,  as  in  the  lower  orders  of 
planti  Others  are  of  a very  complicated  structure,  possessing 
a variety  of  smaller  organs,  united  either  singly  or  in  groups  ; 
and  thus  acting  in  a variety  of  waya  These  latter  abound 
in  the  higher  classes  of  animals. 

It  need  scarcely  be  remarked,  that  each  organ,  or  each  of 
its  constituent  organs,  diflers  in  substance  from  such  as  act  or 
manifest  themselves  difierently  from  them.  And  this  differ- 
ence appears  not  only  in  their  substance,  but  also  in  their 
form — the  component  parts  of  each  being  arranged  in  oon- 
formity  with  the  functions  they  are  intended  to  perform  in 
different  classes  of  individuals.  Hence  an  infinite  diversity 
of  products.  They  can  present  a new  arrangement  to  the 
substances  supplied  to  the  individual  from  without ; and 
hence  their  products  are  innumerable.  The  substances  thus 
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produced  by  the  organs  are  called  organic.  They  are  called 
organized,  if  they  are  either  organs  themselves,  or  if  they 
contain  organs ; but  generally  organic  if  they  are  the  products 
of  organs.  Organized  substances,  therefore,  arc  organic  sub- 
stances ; but  organic  are  not  always  organized. 

■ Organic  unorganized  substances  do  not  at  all  differ  from  in- 
organic, as  to  the  nature  of  the  substances  themselves.  But 
they  materially  differ  as  to  the  arrangement  of  their  oonsti- 
tuenta  The  elements  of  the  organic  kingdom  are  to  be  met 
with  in  substances  which  are  not  organic  ; but  wherever  we 
find  them,  they  are  the  same,  and  exhibit  the  same  proper- 
tiea  If,  however,  these  elements  are  placed  in  certain  circum- 
stances, they  form  combinations  dependent  on  these  circum- 
stancea  This  tendency  to  combination,  which  exists  in  the 
elements,  and  which  is  to  be  looked  for  wiAin,  and  not  %cUk~ 
out — being  dependent  on  nothing  but  the  elementary  forces, 
concealed,  as  it  were,  in  the  molecules  of  carbon,  hydrogen, 
nitrogen,  and  oxygen, — this  tendency  being  excited  to  a de- 
terminate degree  under  certain  conditions,  produces  new  sub- 
stancea  This  general  law,  of  which  chemistry  gives  innu- 
merable examples,  is  obvious  in  organic  nature.  Slight  dif- 
ferences of  temperature  are  quite  sufficient  to  produce,  in  the 
chemical  laboratory,  entirely  different  combinations  from  the 
same  elementa  In  common  chemical  experiments,  numerous 
minute  circumstances  influence  the  nature  of  the  product 
which  results  from  the  combination  of  two  or  more  elementa 
Looking  at  the  subject  in  this  general  point  of  view,  new 
combinations,  entirely  different  from  each  other,  must  be  pro- 
duced by  different  organs  from  the  same  materials,  supplied 
from  without.  And  if  we  add  to  the  endless  multitude  of 
different  organs  in  plants  and  animals  the  diversity  of  mate-, 
rials  afforded  from  without,  then  we  shall  imderstand  how 
that  endless  series  of  new  combinations  must  necessarily  arise, 
which  is  formed  in  plants  and  animals,  out  of  two,  three,  or 
four  elements,  and  which  chemistry  makes  known  to  ua  In 
a word,  every  change  of  materials  in  the  organic  kingdom, 
as  in  the  inorganic,  is  the  result  of  the  primary  forces  of  the 
elements,  and  cannot  be  ascribed  to  any  other  source. 
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•By  the  nature  of  those  products,  therefore,  tlie  nature  of  the 
actions  of  the  said  organs  is  more  or  less  determined.  But  there 
are  sereral  other  effects  of  these  peculiar  instruments,  which  go 
ki  beyond  a simple  change  of  materials.  A great  many  living 
creatures  are  endowed  with  the  power  of  changing  their  po- 
sition at  will,  and  possess  for  this  purpose  peculiar  organs,  in 
viuch  the  change  of  materials  is  limited  to  their  own  sup- 
port exclusively — such  are  the  musclea  They  have  a complete 
system  of  organs,  by  which  they  are  enabled  to  absorb  sub- 
stances from  without,  to  retain  them  for  some  time,  to  expend 
them  gradually',  and  to  employ  them  in  the  formation  of  new 
organic  substances — such  are  the  organs  of  digestion.  They 
have  peculiar  instruments,  the  organs  of  sensation,  by  which 
certain  impressions  from  the  external  world  may  be  conveyed 
to  a spiritual  being,  endowed  with  a power  of  observation, 
will,  and  even  consciousness ; — a being  which  chooses  accord- 
ing to  fixed  rules,  forms  judgments,  and  draws  conclusions ; 
remembers  former  situations  in  which  it  has  been  placed ; 
mugines  new  situations  as  if  they  really  existed  ; — a being 
which  is  itself  conscious,  why,  what,  and  for  what  purpose  it 
exists ; — a being  which  can  investigate  more  or  less,  and  ad- 
mire the  Cause  of  the  universe  ; which  recognises  in  itsdf  a 
faint  image  of  the  Divinity,  who  governs  both  worlds  and  atoms ; 
—a  being  which  may  acquire  moral  worth,  and  has  a clear 
idea  of  the  distinction  between  good  and  evil ; — a being 
which  is  conscious  that  it  has  been  created  for  immortality. 

How  surpassingly  beautiful  is  the  visible  world ! At  one  ex- 
treme of  organic  nature  spHritual  Man  is  placed,  dwelling  for  a 
Kason  in  a godlike  house,  formed  by  a Master-hand,  suited  to 
his  moral  elevation,  making  him  familiar  with  all  nature, 
and  with  many  of  its  beauties : — at  the  other  extreme,  the 
®innte  fhngpis,  scarcely  visible,  as  simple  in  composition  as  it 
is  humble  in  appearance— as  ill  furnished  with  organs,  as  the 
human  body  is  rich  in  them,  and  abundantly  provided. 

It  is  easy  to  distinguish  between  these  extremes  in  the  series 
of  organized  beings — their  difference,  indeed,  being  so  ob- 
vious that  we  can  scarcely  perceive  any  conformity.  But, 
whether  from  the  one  e.xtreme  we  descend,  or  from  the  other 
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ascend — it  is  exceedingly  difficult  to  draw  the  line  of  demar- 
cation between  animals  and  plants.  The  result  of  all  the 
endeavours  to  determine  this  line  of  separation  has  been,  that 
the  structures  of  the  individuals,  which  constitute  the  transi- 
tion class  between  animals  and  plants,  and  which  partake  in 
an  equal  degree  of  the  nature  of  both,  do  not  enable  us  to  re- 
duce them  to  either  class.  They  may  with  equal  propriety 
be  called  either  plants  or  animals. 

There  exists  a mutual  approach  between  the  materials  of 
which  animals  and  plants  consist,  in  certain  determinate  condi- 
tions— an  approach  which  is  really  remarkable.  Miguel*  has 
described  an  epizootical  fungus,  the  Isaria  cycadce  ; and  Vireyf* 
has  made  us  acquainted  with  a minute  moss  upon  the  silk- 
worm. He  has  lately^  recorded  further  observations,  by  which 
the  Tinea  lupinosa  of  Guy  de  Chauliac  is  reduced  to  a kind  of 
mucor  of  the  genus  Mycodermata.  The  sporules  of  these 
kinds  of  plants  find  a fertile  soil  in  the  sealer  with  which  the 
hairy  part  of  the  head  of  children,  &a,  is  covered ; they  pene- 
trate into  the  epidermis,  and  in  this  way  sustain  and  feed 
themselves.  To  these  plants  also  belong  the  bran-like  moulds, 
mucors,  &&,  which  have  been  placed  in  the  order  of  the  Co- 
niomycetes,  of  Nees  von  Esenbeck.  A great  many  dartrous 
pimples  belong  to  the  class  of  the  fungus-like  mosses.  The 
wartsof  the  human  bodyare  classed  with  the  gynosporanges(?) 
by  Meynier  of  Omana  It  is  difficult  to  make  out,  if  the 
tubercle  of  the  lungs  be  really  a Cycoperdon,  and  the  cancer  a 
Uredo  cariea 

Though  there  is  thus  no  uncertainty  as  to  the  characteris- 
tics proper  to  oaks  and  lions,  each  of  them  respectively  pro- 
ducing a complete  impression  on  the  mind,  so  as  to  afford  a 
standard  whereby  plants  and  animals  may  be  examined  and 
determined ; nature  has,  nevertheless,  established  forms  of 
transition,  which  do  not  admit  of  a fixed  classification. 

The  attempt  will,  therefore,  be  always  made  in  vain,  to 
draw  a distinct  line  of  demarcation  between  animals  and 
plants.  Pumas  is  one  of  the  last,  who  has  tried  to  do  so 

* Bulletin,  1838,  p.  85. 
t Journal  de  Pharmacie,  1838,  p.  83. 
t Ibid.  1841,  p.  703. 
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(Comptes  Rendus,  28th  Nov.,  1842).  He  thinks  that  the  fol- 
lowing table  of  distinctive  properties  establishes  a new  system, 
and  gives  a clear  idea  of  the  difference,  which  we  have  more 
than  once  stated : — 


PLANTS 

Produce  indifferent  gubetances  con- 
taining nitrogen ; 

&t«; 

aevenl  Tarietiee  of  sogar, 
starch,  and  gum. 
Decompoae  carbonic  acid ; 

...  water ; 

ammoniacal  gaits. 

Gire  off  oxygen. 

Absorb  warmth ; 

dectricity. 

Are  apparatns  of  reduction. 

Are  immoreable. 


ANIMALS 

Consume  indifferent  substances  con- 
taining nitrogen ; 

...  fats; 

...  sugar,  starch,  and  gum. 

Produce  carbonic  acid ; 

...  water; 

ammoniacal  salts. 

Absorb  oxygen. 

Produce  warmth ; 

...  electricity. 

Are  apparatus  of  oxidation. 

Change  their  place. 


He  is  unacquainted  with  the  actual  state  of  science  to  whom 
this  detail  is  new,  or  appears  to  embody  the  truth.  It  is  uni- 
versally known,  and  will  appear  from  what  follows,  that  not 
one  of  these  so-called  distinctive  characteristics  will  stand 
the  test  of  examination. 

As  we  are  not  able  to  draw  a clear  and  just  line  of  demar- 
cation between  plants  and  animals,  neither  can  we  between 
unorganized  and  organized  substances.  As  soon  as  the  func- 
tions of  the  organs  have  reached  a minimum,  we  approach 
the  limits  of  those  series  of  substances,  the  most  compli- 
cated of  which  may  easily  be  distinguished  from  mineral 
matter — but  of  which  the  least  complicated  opens  the  way 
to  the  knowledge  of  another  series  of  substances,  which, 
being  wholly  dependent  on  circumstances,  do  not  possess  the 
power  to  represent  anything,  but  the  usual  properties  which 
are  inseparable  from  matter. 

1°  The  general  characters  of  organized  and  living  beings 
are,  increase  and  growth,  generation  and  death.  Besides  these 
properties,  common  to  animals  and  plants,  the  former  are 
endowed  with  the  power  of  perceiving  external  impres- 
sions and  of  moving  themselves  at  will.  Schleiden*  justly 


* Schleiden,  GrundzUga  Winenttchaft;  Botanik  i.,  p.  29. 
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characterises  animals  os  having  a tendency  in  their  organism, 
to  develope  their  life  'to  the  utmost  degree  of  individual 
separation,  and  thus  to  conceal,  internally,  their  principal 
oigans ; that  which  is  shown  externally  being,  as  much  as 
possible,  a uniform  surface.  The  plant,  on  the  contrary, 
bears  its  chief  organs  without,  increases  very  much  exter- 
nally, and  shows  its  beauties  all  on  the  surface. 

2°  If  any  substance  is  deprived  of  the  properties  common  to 
animals  and  plants,  then  it  is  cither  an  inorganic  or  a dead 
organic  substance.  The  latter  are  characterised  by  the  ab- 
sence of  the  effects  of  organs,  which  are  themselves  present ; 
the  former  by  the  total  want  of  any  organs,  which  either  can 
now,  or  formerly  could,  perform  any  action  in  any  circum- 
stance whatsoever. 

From  the  articulations  of  the  Gallionella  femiginea  of 
Ehrenberg*  being  made  up  almost  wholly  of  oxide  of  iron,  it 
appears  that  the  transition  from  organic  to  inorganic  sub- 
stances is  almost  as  imperceptible  as  that  from  animals  to 
planta'f 

3°  Binary  and  ternary  combinations.  It  has  been  thought 
that  a clear  line  of  distinction  might  be  drawn  between  organic 
and  inorganic  substances,  by  stating  that,  among  the  former, 
ternary  and  quaternary  combinations  occur,  but  in  the  latter, 
only  binary  ones.  This  limit  being  quite  arbitrary,  is,  at  the 
same  time,  entirely  un-chemicaL  Every  one,  but  partially 
acquainted  with  the  chemistry  of  organic  nature,  is  aware 
that  a great  number  of  radicals  have  already  been  discovered, 
and  that  the  terms  ternary  and  quaternary,  as  applied  to  com- 
bination, were  of  no  use  after  the  first  radical  was  indicated. 
Ether  does  not  consist  of  C^H^O,  but  of  O'*!!®  + 0.  The  oxygen 
can  be  separated  from  it,  and  sulphur,  chlorine,  bromine, 
iodine,  or  cyanogen  substituted.  Thus  we  have  ethyl 
a binary  combinatioa  This  unites  with  oxygen,  sulphur,  &c.. 


* Schleiden,  OrundzUge  Wisscnt«chaft ; Botanik  i.,  p.  34. 
t The  following  work  may  be  consulted  on  the  difference  between  plants  and 
animals : — Kutorga,  Naturgeschichtc  der  Infusiorca-thiere,  St.  Petersburg  und 
Karlsruhe,  1839  and  1841,  S.  30. 


Digitized  by  Google 


TEOETABLE  AND  ANIMAL  PHTSIOLUUY. 


89 


tud  tonus  another  binary  combination.*  All  organic  sub- 
stances are,  no  doubt,  built  up  in  a similar  way,  but  the  radi- 
cals of  many  of  them  are  not  yet  known.  A few  years  ago 
not  one  was  known.  Science  is  gradually  discovering  more 
of  them,  and  encourages  the  hope  that,  in  process  of  time, 
every  organic  substance  will  be  reduced  to  its  own  radical. 

4^  If  any  distinction  is  to  be  made  between  organized  and 
anorganized  chemical  substances,  it  should  be  stated  thus : — 
that  in  the  former,  compound  radicals  exist ; and  in  the  latter, 
elementary  ones.  But  is  this  distinction  founded  upon  their 
belonging  to  two  different  provinces  of  nature,  or  upon  a pe- 
culiarity in  the  nature  of  the  carbon,  hydrogen,  and  nitrogen, 
of  which  organized  substances  consist  ? The  answer  is  obvi- 
ous, for  the  organic  kingdom  is  built  up  out  of  the  four  ele- 
ments— the  elements  themselves  being  wholly  independent  of 
organic  nature.  It  is,  moreover,  doubtful,  whether  all  or- 
ganic substances  contain  compound  radicala  On  the  con- 
trary, it  is  probable  that  cellulose,  starch,  gum,  sugar,  Sic., 
consist  of  carbon  and  water.  The  transformation  of  tannic 
into  gallic  acid  (see  Tannic  Acid ) affords  strong  groimds  for 
adopting  this  supposition. 

5°  Juxtaposition.  Another  real  difference  is  assumed  as  to 
the  way,  in  which  organized  and  unorganized  substances 
are  formed.  In  the  latter,  a juxtaposition  is  supposed  ; in 
the  former,  a growth,  an  increase  of  solid  matter  in  some 
of  its  parts.  First,  this  distinction  is  not  quite  accurate ; 
for  horns,  nails^  and  hair,  which  are  all  produced  from  pro- 
tein compounds,  are  formed  by  juxtaposition  Of  hair,  this 
b proved  by  Dr.  Van  Laer  beyond  dispute. 


* Tbfi  mcmaing  of  this  passsge  is,  that  ether  consists  of  4 equivalents  of 
carbon,  5 of  hydrogen,  and  1 of  oxygen ; but  the  three  elements  are  not  united 
together  all  at  once,  as  is  represented,  by  the  Juxtaposition  of  the  scTeral  sym- 
bols in  this  way,  OHK),  forming  a ternary  compound,  from  which  no  part  can 
be  tahen  away  withont  breaking  the  whole  up.  But  first,  the  carbon  and  hy- 
drogen are  united  together  to  form  a binary  compound,  represented  by  (NH*, 
to  which  the  name  of  ethyl  is  given.  This  afterwards  combines  with  oxygen, 
and  forms  ether,  which  is  rationally  expressed,  therefore,  by  C*H*+0.  And 
the  proof  of  this  is,  that  the  oxygen  can  he  separated  from  it,  and  chlorine 
(O)  made  to  take  its  place,  forming  C‘H'+C1,  and  so  on. — J. 
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But  let  US  consider  this  juxtaposition  in  the  unorganized 
kingdom.  When  burned  gypsum,  after  being  mixed  A^nth 
water,  changes  into  a solid  mass,  we  look  in  vain  for  any 
juxtaposition.  Does  anything  else  happen  in  the  deposition 
of  the  materials  of  bone,  within  the  cells  of  the  bones  ? Does 
not  the  bony  matter  of  the  skull  extend  itself  from  a centre 
in  the  form  of  rays  ? Let  us  take  an  example  from  the  vege- 
table kingdom.  Ilowdoes  the  formation  of  wood  take  place  ? 
Is  it  not  a real  super-position,  when  layers  of  woody  fibre 
are  deposited  against  the  walls  of  a cell  ? But  the  veiy  same 
happens  also  in  the  ordinary  growth  of  an  organ.  Matter 
does  not  penetrate  into  matter.  If  the  germ  of  an  organ, 
produced  by  simple  juxtaposition,  once  exist,  then  the  organ 
cannot  increase  in  bulk  without  one  particle  placing  itself 
next  to  another,  and  so  shifting  its  place  ; and  this  is  a real 
juxtaposition.  This  is  fully  confirmed  by  the  way  in  which 
cells  are  produced — a subject  with  which,  in  recent  times,  we 
have  become  somewhat  better  acquainted.*  There  exists, 
however,  a difference  between  crystals  and  many  organic  sub- 
stances. The  cellular  and  fibrous  primary  forms  which  are 
present  in  the  latter,  are  wanting  in  the  former ; while  the 
symmetrical  forms  of  the  crystal  are  not  found  in  organic 
nature.  The  latter  is  just  as  averse  to  symmetrical  forms,  as 
inorganic  nature  is  to  cells  and  fibres.  We  seldom  find  crys- 
tallized compounds  in  the  bodies  either  of  plants  or  animals  ; 
and  the  substances  contained  in  them,  which  are  susceptible 
of  regular  crystallization,  exist  there  usually  in  a state  of  very 
fine  division,  or  of  solution.  In  regard  to  thein,  which  is  so 
beautifully  crystallizable,  we  do  not  find  a trace  of  it  crystal- 
lized either  in  cofiee  or  in  tea 

If  we  add  to  this,  that  many  organic  substances,  provided 
they  are  placed  in  favourable  conditions,  assume  juxtaposi- 
tion— for  instance,  tartaric  acid,  citric  acid,  &c. ; morphine, 
narcotine,  many  resins,  camphor,  &c.,  which  are  all  organic 
substances, — then  the  positive  distinction  between  organic 

* See  Schwann,  Microecopisebo  Untcrsuchungcn  Uber  die  Uebereinstim- 
mungin  der  Structur  und  dem  Wachiilhum  dor  Thiere  imd  Pflanzen.  Berlin, 
1839,  8.  191. 
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and  inorganic  nature,  grounded  on  this  peculiarity,  disappears. 
We  may,  however,  state,  as  distinctions  between  organized 
and  unorganized  substances,  that,  generally,  the  former  are 
in  a cellular,  the  latter  in  a crystalline  state  ; that  the  one 
class  performs  a function  of  which  the  other  is  not  capable. 

After  what  has  been  said,  we  must  necessarily  conclude 
that  the  causes  of  this  diversity  are  reducible  to  the  forces 
which  primarily  exist  in  the  organic  molecules,  carbon,  hy- 
drogen, nitrogen,  and  oxygen,  and  in  those  of  all  the  other 
elements.  The  four  organic  elements  have  the  peculiarities, 
which  are  indicated  in  organic  nature  by  their  almost  in- 
numerable mutual  reactions  and  combinationa  To  these 
elements  a potency  is  imparted,  if  such  an  expression  ought 
to  be  retained  in  science. 

6°  Finally,  between  plants  and  animals,  which  are  both  cha- 
racterised by  the  cellular  form  of  the  component  organs,  there 
is  this  real  difference,  that  cellulose  forms  the 

principal  part  of  the  cellular  mass  in  plants  ; while  in  ani- 
mals the  primary  material  is  gelatine  (C^3H10N20S),  or  the 
matter  which  produces  glue  after  ebullition;  and  to  this 
rule  no  exception  has  yet  been  discovered,  either  among  ani- 
mals or  planta 
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CHAPTER  III. 

THE  ATMOSPHERE,  IN  ITS  CONNECTION  WITH 
ORGANIC  NATURE. 

Throughout  all  nature  we  perceive  an  intimate  connection 
existing  between  different  actions,  the  one  being  disturbed  as 
soon  as  the  other  is  annihilated.  Phenomena  are  united  to- 
gether by  a chain,  of  which  not  a single  link  can  be  taken 
away  without  throwing  the  whole  into  disorder.  If  water 
were  to  lose  its  property  of  being  converted  into  vapour,  every 
living  being  on  the  earth  would  die ; if  the  composition  of 
the  atmosphere  were  suddenly  changed,  thousands  of  living 
beings  would  instantly  perish  from  the  eartL  In  some  in- 
stances, many  causes  co-operate  to  bring  forth  one  phenome- 
non,—to  produce  one  substance ; in  others,  the  destruction 
of  one  substance  is  the  condition  on  which  another  exists. 

On  a cursory  view,  nothing  is  more  surprising  than  the 
change  of  forms — the  alteration  of  appearance — to  which  the 
same  substance  is  subjected.  On  penetrating  farther  and  far- 
ther into  this  law  of  nature,  nothing  excites  greater  astonish- 
ment, than  the  fact  that  the  form  alone  perishes;  that  mat- 
ter changes  its  appearance,  but  is  itself  imperishable  We 
think,  observe,  feel,  speak  to  each  other,  by  means  of  organs 
composed  of  a mass  of  elements,  consisting  of  nitrogen,  car- 
bon, hydrogen,  oxygen,  phosphorus,  sulphur,  lime,  magnesia, 
iron,  chlorine,  soda,  potash,  and  many  others ; but  the  un- 
changed existence  of  these  organs  is  but  of  short  duration. 
At  every  respiration  they  lose  something,  and  they  appropriate 
something  again.  This  change  is  also  promoted  by  perspira- 
tion, and  by  all  kinds  of  secretion ; and  thu.s  we  shall  not  be 
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the  same  to-morrow  as  we  are  to-day.  Our  body’is  no  longer 
the  same  even  after  the  lapse  of  a few  momenta 

The  organic  mass,  which  is  called  the  human  body — the 
animal  body  of  man — is  a contexture  of  substances,  which  are 
introduced  into  it  by  certain  aperturea  What  now  forms 
part  of  the  human  body,  some  days  ago  belonged  to  the  body 
of  an  animal ; and,  again,  some  weeks  ago  it  was  a constituent 
of  planta  Whatever  our  human  body  may  be  to-day,  it  will 
be  changed  into  v^table  matter  possibly  after  an  interval 
of  but  a few  months. 

This  body  derives  its  origin,  partly  from  the  atmosphere, 
and  partly  from  the  earth's  surface.  From  the  latter  it  is 
separated  but  for  a short  space,  soon  to  return  to  it  again. 
Both  plants  and  animals  are  then  fed  from  our  material  part ; 
and  each  of  our  fellow-creatures,  doubtless,  derives  support 
ftom  the  dust  of  his  ancestora 
Thus,  by  means  of  a small  portion  of  matter,  once  endowed 
with  certain  forces,  the  Divinity,  the  Author  of  these  forces, 
has  known  how  to  attain,  in  the  course  of  centuries,  an  infi- 
nite variety  of  ends,  with  which  it  is  the  endeavour  of  the 
natural  philosopher  to  make  himself  acquainted 
1°  It  is  a known  fact,  that  nature,  with  singular  economy, 
has  formed  the  whole  organic  kingdom  from  four  elements 
chiefly.  Carbon,  hydrogen,  nitrogen,  and  oxygen  are  the 
constituents  of  every  thing  that  either  has  lived,  or  is  still 
living  Besides  these,  there  are  some  so-called  inorganic 
substances,  which  complete  the  organic  whole;  but  it  is  of 
these  four  elements  that  the  greater  part  of  organic  matter 
has  been  formed  by  nature.  It  is  of  importance,  therefore,  to 
consider  what  alterations  occur  in  the  combinations  of  th^ 
four  elements,  after  they  have  constituted,  at  one  time,  some 
part  of  a plant,  at  another,  some  part  of  an  animal 
2°  Further,  it  is  known  that  animals  are  nourished  by 
plants,  and  thus  that  plants  serve  to  connect  animals  with 
the  earth's  surface.  Taking  this  point  of  view,  the  living  sub- 
stances by  which  the  mere  dead  earth  is  invested  with  colour 
and  the  air  filled  with  odours,  become  of  the  veiy  highest 
importance.  Those  which  are  employed  as  food  by  man. 
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constitute,  indeed,  but  a very  small  portion  of  the  whole. 
Man  makes  use  of  scarce  the  hundredth  part  of  the  produce 
of  the  earth,  and  not  one  out  of  a thousand  of  the  forms 
of  vegetable  life  which  grow  upon  it  It  is,  however,  an  in- 
disputable truth,  that  without  plants  no  animals,  except  the 
Infusoria,  could  exist. 

3“  In  the  third  place,  it  is  known,  that  what  we  usually  call 
putrefaction  is  nothing  but  a change  of  form.  A substance, 
which  has  formed  part  of  a living  being,  is  endowed  with 
forces,  modified  in  a peculiar  manner,  which  have  been  ex- 
cited during  life,  but  must  necessarily  become  again  quiescent, 
so  soon  as  the  life  of  the  being  ceasea 

According  to  a general  chemical  law,  those  substances  have 
been  arranged  and  influenced  in  a peculiar  manner,  by  the 
peculiar  circumstances  in  which  they  have  been  placed. 
Whenever,  therefore,  they  are  withdrawn  from  the  influence 
of  those  circumstances,  a great  many  gaseous,  liquid,  and  solid 
substances  appear,  which  taken  together  represent  jiut  at 
many  substances,  and  those  tht  tery  tame,  as  were  formerly 
contained  in  the  living  part.  This  is  a new  effect  of  the 
forces  by  which  the  organic  world  is  maintained.  Its  destruc- 
tion is  its  very  source  of  life  ; its  life,  again,  the  cause  of 
its  destruction.  When  we  perceive  in  an  organic  whole,  that 
the  component  parts  cease  to  co-operate  for  a common  object, 
its  existence  as  a whole — its  life  is  at  an  end ; a new  life  be- 
gins immediately  to  appear.  It  may  be  that  the  new  pro- 
ducts appear  to  us  disgusting.  Those  revolting  substances, 
however,  contain  the  genn  of  the  most  beautiful  combina- 
tiona  The  most  splendid  plant  has  been  produced  only  from 
such  substances,  and  can  derive  its  support  only  from  what 
has  been  such. 

4“  We  may  regard  a fourth  peculiarity  as  also  known, 
namely,  the  value  of  that  black  layer  of  soil  which  surrounds 
the  globe  we  inhabit,  in  many  parts  to  the  thickness  of  seve- 
ral feet.  If  that  black  crust  were  taken  off  our  planet,  much 
of  what  lives  upon  it  would  be  destroyed  or  prepared  for 
destruction.  Where  this  covering  exists,  plants  readily  spring 
up  ; where  it  is  wanting,  many  of  them  are  cither  not  found 
at  all,  or  are  found  in  an  unhealthy  condition.  It  is  the 
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standing-place  of  the  organic  beings  which  are  bound  to  the 
earth.  How  far  it  is  their  source  of  nourishment,  we  shall 
presently  endeavour  to  explain. 

5’  Besides  these  four  points,  I must  advert  to  a fifth,  now 
sufSciently  ascertained — the  value,  namely,  of  the  gaseous 
reO  of  the  earth,  which  is  extended  to  a considerable  distance 
from  the  globe ; of  that  air-ocean  which,  in  its  fury,  turns 
palaces  into  ruins,  and  in  its  calmer  moments  crumbles  rocks 
into  dust ; — which  is  constantly  achieving  the  destruction  of 
every  dead  substance  on  the  earth’s  surface ; but,  at  the  same 
time,  maintains  every  thing  that  lives  upon  it  Every  living 
being  requires  the  support  of  that  mobile  fluid.  It  aflbrds 
nourishment  to  animals  and  plants;  it  not  only  supplies 
substances,  but  carries  forces  into  organic  beings ; it  is  a real 
source  of  life  to  every  living  thing  on  our  planet 

One  of  the  most  magnificent  contrivances  of  the  material 
world,  is  that  which  is  exhibited  in  the  innumerable  changes 
undergone  by  the  same  substances,  which,  appearing  in  vari- 
ous forms,  at  one  time  constitute  parts  either  of  the  atmosphere, 
or  of  the  black  soil — at  another,  the  component  parts  of  liv- 
ing plants  and  of  animala 

We  have  acknowledged,  as  a general  law,  that  the  same 
elements  may  assume  thousands  of  forms,  and  produce  new 
combinations,  though  they  cannot  change  their  essential  cha- 
racter ; and  that  by  means  of  the  same  substances,  in  various 
instances,  nature  attains  entirely  different  ends.  The  sub- 
stances which,  in  an  organized  form,  adorn  the  earth,  will  ere 
long  be  decomposed.  Their  constituents,  combined  in  a dif- 
ferent manner,  will  soon  assume  a new  shape,  but  will  present 
themselves  in  the  interval  as  component  parts  of  the  black 
soil  and  of  the  atmosphera  'Thus  the  same  substances  at  one 
time  float  in  the  atmosphere  which  envelopes  the  earth,  and 
at  another  are  component  parts  of  plants  and  animals. 

For  these  purposes,  nature  employs  a small  portion  of 
matter  only,  as  compared  with  the  large  mass  of  the  earth. 
Though  apparently  so  very  liberal  in  maintaining  life,  she 
is  at  the  same  time  economical  in  applying  the  material 
means  by  which  that  object  is  effected.  The  number  of 
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animals  and  plants,  which  may  at  any  time  have  existed  ou 
the  earth,  could  scarcely  be  greater  than  it  is  now,  because 
there  would  be  a want  of  the  materials  requisite  for  sustaining 
their  existence.  With  the  increase  of  the  number  of  animals, 
that  of  plants  must  diminish,  because  the  former  are  composed 
of  parts  of  the  latter.  In  the  thin,  black  layer  of  soil,  the  con- 
stituents of  animals  and  plants,  and  a little  intermixture  of 
the  atmosphere,  we  have  the  whole  store  which  exists  on 
the  earth,  of  the  materials  necessary  for  the  existence  and 
support  of  living,  of  organized  beings. 

Let  us  now  consider  the  atmosphere  in  its  connection 
with  organized  nature.  Unknown  in  ancient  times,  it  is  at 
present  acknowledged  to  be  a main  source  of  life  to  every 
living  being  upon  the  eartL 

Accordingly  we  must  bear  in  mind  what  the  atmosphere  is 
composed  of ; what  influence  it  now  exerts  on  the  life  of  plants 
and  animals ; what  influence  is  exercised  by  these  in  their 
turn  upon  the  atmosphere ; what  its  probable  state  has  been 
in  former  times ; and  what  influence  it  then  exerted ; — and, 
finally,  we  shall  have  to  consider  what  causes  actually  exist, 
with  power  to  modify  the  nature  of  the  atmosphere ; and  to 
inquire  what  is  likely  to  be  its  future  state,  so  that  we 
may  form  some  idea  of  its  influence  on  what  will  then  be 
living. 

The  atmosphere,  we  know,  is  an  invisible,  very  mobile  veil 
of  our  planet,  extended  upwards  to  a great  distance,  and 
tending  to  occupy  every  space  not  occupied  by  other  sub- 
stances. Being  kept  in  continual  motion  by  general  and  spe- 
cial causes,  it  forms  a uniform  mixture  of  a few  principal  in- 
gredients ; but  is,  at  the  same  time,  the  receptacle  of  all  the  vola- 
tile particles,  of  all  the  vapours  from  the  earth’s  surface.  The 
causes  which  produce  its  motion  are  among  the  most  beautiful 
which  investigation  has  observed  in  nature.  Without  that  mo- 
tion, every  disturbance  of  the  composition  of  the  atmosphere 
would  necessarily  be  pernicious  to  the  life  of  plants  and  ani- 
mals ; every  organized  substance  would  become  surrounded  by 
an  atmosphere  of  its  OMm,  expending  what  is  useful,  and  leav- 
ing what  is  useless,  so  as  soon  to  be  deprived  of  everything  not 
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belonpng  to  that  by  which  it  is  immediately  encompassed. 
Were  the  atmosphere  a motionless  mass — from  which  some- 
thing is  taken,  and  into  which  something  is  discharged, 
and  in  a different  way  by  every  organized  being — then  all 
things  now  alive  on  the  earth’s  surface  would  in  a few  days 
be  destroyed.  It  is,  therefore,  a wise  and  inestimably  excel- 
lent contrivance,  that  thousands  of  causes  are  at  work,  to  keep 
the  atmosphere  in  uninterrupted  motion.  What  may  be  per- 
nicious to  one  organism,  is  indispensable  to  another ; — what 
is  left  from  the  abundance  of  one,  is  usefully  applied  by  an- 
other ; — what  in  one  place  is  copiously  produced,  and  might 
be  detrimental,  is  rendered  innoxious  by  being  widely  diffused 
through  the  ever-moving  atmosphere. 

I have  purposely  drawn  attention,  in  the  first  place,  to  the 
continual  motion  maintained  in  the  atmosphere,  by  the  action 
of  varying  temperature  and  other  causes ; because  in  this 
lies  the  chief  argument  in  favour  of  the  opinion,  that  the  at- 
mosphere— however  it  may  be  composed,  and  whatsoever  may 
be  either  discharged  into  it  or  taken  from  it — must  be  a uni- 
form mixture ; and  that  everywhere,  over  the  whole  earth’s 
surfice,  and  at  every  height,  it  must  contain  the  same  con- 
stituenta  The  direct  consequence  of  this  beautiful  contri- 
vance of  nature  Ls,  that  all  the  organized  beings  on  the  earth’s 
surface,  wherever  they  may  dwell,  are,  as  regards  the  atmo- 
sphere, exposed  to  the  same  influencea 

The  chief  constituents  of  the  atmosphere  are  four  in  num- 
ber— oxygen,  nitrogen,  carbonic  acid,  and  aqueous  vapour. 
The  proportions  of  the  two  latter  vary  with  many  circum- 
stances, in  a way  which  we  can  detect  by  observation — the 
way  in  which  the  proportions  of  the  two  former  vary  has 
hitherto  escaped  us.  The  received  proportions  of  oxygen  and 
nitrogen  are,  21  of  the  former,  and  79  of  the  latter,  by  vo- 
lume-^the  carbonic  acid  averages  nearly  half  a thousandth 
part — the  quantity  of  watery  vapour  is  very  variable. 

To  these  principal  constituents  of  the  atmosphere  thousands 
of  others  are  added.  Volatile  exhalations  from  the  organized 
matter  of  the  soil, — products  of  the  volcanoes  on  the  earth’s 
surface,  and  of  the  artificial  burning  of  fuel, — ^gaseous  fluids 
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escupilig  from  mines, — vapours  of  volatile  solid  substances, — 
hundreds  of  volatile  oils  from  odoriferous  plants, — putrid 
volatile  products  of  animal  and  vegetable  decomposition, — 
the  muriatic  acid  arising  from  salt  water  in  shallow  lakes  and 
lagoons,*— exhalations  of  men  and  animals, — an  innumerable 
multitude  of  substances  ascending  in  vapour  from  manufac- 
tures and  chemical  processes, — and  finally,  the  volatile  pro- 
ducts of  animal  excrements ; — all  these  arc  sources  of  pollution 
to  the  atmosphere,  which  thereby  undergoes  innumerable 
alterations  in  its  composition. 

The  accumulation  of  these  multifarious  substances  in  the  at- 
mo.sphcre  is  prevented  by  one  single  cause,  which  is  among 
the  most  remarkable  we  know ; — a cause,  which  is  the  same 
for  the  whole  earth,  which  originates  in  the  same  somrce,  and 
acts  for  the  same  purpose  ; — a cause  as  sublime  in  its  effects, 
as  it  is  simple  in  its  nature ; — a cause  only  to  be  brought  into 
operation  by  the  Supreme  Wisdom,  which  can  attain  innume- 
rable ends  by  one  means.  It  is  the  rain  which,  in  falling, 
carries  with  it  cveiything  that  floats  in  the  atmosphere,  and 
which  is  not  essential  to  its  constitution  ; which  brings  back 
to  the  earth,  what  came  from  the  earth ; and  which,  whilst 
it  thus  purifies  the  atmosphere  from  noxious  immixtures, 
carries  the  thousands  of  volatile  substances  into  the  soil,  in 
which  they  have  abundant  opportunities  of  forming  innoxious 
combinations  with  the  substances  which  the  soil  contains 

The  atmosphere,  thus  purified  by  means  of  rains  from  all 
heterogeneous  mixtures,  and  kept  in  constant  motion  by  cur- 
rents of  air,  is  a mixture  of  four  substancea  Let  us  shortly 
consider  how  we  may  accurately  investigate  them. 

1“  To  determine  the  composition  of  the  atmospheric  air,  it  is 
necessary  to  ascertain  accurately  the  amount  of  nitrogen  and 
oxygeni,  its  two  chief  constituents,  and  also  that  of  the  car- 
bonic acid  and  aqueous  vapour. 

As  to  the  former, — the  determination  of  the  amount  ol 
oxygen  and  nitrogen, — the  first  experiments  for  this  purpose 

* Mulder  found  free  muriatic  acid  in  the  rain-water  of  Amttcrdam,  which 
he  a*crihc»  to  the  decomposition  of  the  chloride  of  ma^eeium  contained  in  the 
waters  of  the  Lake  of  Haarlem  by  the  action  of  the  sun'a  raya. — 
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»re  comparatively  recent ; for  it  is  not  long  since  weights  and 
measures  began  to  be  employed  in  the  science  of  chemistry. 
Laroisier  was  ^he  first  who  used  the  balance,  and  he  but  rarely. 
When,  in  the  latter  part  of  last  century,  the  kilogramme  was 
introducefl,  it  was  noticed  as  a singular  circumstance  by  the 
committee,  assembled  at  Paris  for  the  purpose  of  considering 
the  subject,  that  the  mechanician,  Fortin,  had  made  a balance, 
which  sensibly  indicated  one  milligramme.  The  whole  science 
of  measuring  and  weighing  is  scarcely  sixty  years  old.  The 
just  determination  of  the  composition  of  the  atmosphere  can- 
not, therefore,  be  older. 

Besides  some  older  experiments  by  Scheele,  Priestley,  Ca- 
vendish, and  Horace  Benedict  de  Saussure,  those  of  Volta,  de 
Marti,  Spallanzani,  Berger,  Configliachi,  Dalton,  Humphry 
and  Edmund  Davy,  Biot,  Gay  Lussac,  von  Humboldt,  Brunner, 
Theodore  de  Saussure,  Verver,  and  Dumas,  have  been  mainly 
useful  in  determining  the  composition  of  the  atmosphere. 

At  first  this  composition  was  thought  to  be  variable.  In- 
struments were  invented  to  determine  the  amount  of  oxygen  in 
the  air.  According  as  the  proportion  of  oxygen  was  large, 
the  air  was  thought  better  adapted  for  respiration.  Hence 
these  instruments  were  called  eudiometers,  that  is,  measures  of 
the  degree  of  the  air’s  adaptation  for  that  specific  purpose 

The  invariableness  of  the  mixture  was  first  stated  in  the 
year  1804,  by  von  Humboldt  and  Gay  Lussac,  who,  during 
the  months  of  November  and  December,  in  dry  as  well  as  in 
moist  or  rainy  weather,  and  during  various  states  of  the 
wind,  collected  the  air  of  Paris,  above  the  Seine,  and  subjected 
it  to  eudiometrical  examination.  In  29  experiments,  made 
on  29  different  days,  the  largest  quantity  of  oxygen  they  found 
was  21.2,  the  smallest  20.9.  The  difference  between  these 
two  numbers  lies  within  the  limits  of  the  ordinary  errors  of 
experiment. 

Since  a constant  composition,  namely,  21  of  oxygen  to  79 
of  nitrogen,  was  thus  assigned  to  the  atmosphere  by  men  of 
so  high  reputation  as  von  Humboldt  and  Gay  Lussac,  it  has 
scarcely  ever  been  questioned.  Their  results  have  been  con- 
firmed by  those  of  most  succeeding  experimenters. 
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Thirty  years  later,  the  air  round  and  within  Genera  was 
examined  in  an  entirely  different  way  by  Theodore  de  Saus- 
sure.  For  this  purpose  he  employed  finely  divided  lead,  which, 
diffused  through  water,  he  agitated  with  the  air  under  exa- 
mination— a method  which  was  followed  in  London  a few 
years  ago,  for  manufacturing  white  lead. 

By  thus  agitating  air  with  moistened  lead,  de  Saussure  com- 
bined its  oxygen  with  the  metal,  and  thus  nitrogen  only  re- 
mained. From  his  experiments  made  with  air,  collected  over 
the  Lake  of  Geneva,  and  at  Chamheisy,  it  appears,  that  during 
very  various  winds  and  states  of  the  weather,  the  minimum 
of  oxygen  was  20.98,  and  the  maximum  21.16 — ^the  average  of 
a great  many  experiments  being  21.05. 

The  same  results  were  obtained  by  Gay  Lussac,  who,  on 
bis  ascent  in  a balloon,  brought  with  him  air  from  a height 
of  21,430  feet;  by  von  Humboldt,  who  analysed  air  from 
the  Antisana,  a mountain  of  16,640  feet  high  ; by  Gay  Lussac 
and  von  Humboldt,  with  air  from  Mont  Cenis,  at  a height  of 
61 70  feet ; and  by  Configliachi,  from  the  Legnone,  a mountain 
8130  feet  high.  Finally,  Dumas  has  recently  found  the  same 
results  confirmed,  when  air  is  passed  over  red-hot  copf>er,  and 
the  nitrogen  is  collected. 

Not  only  pure,  but  impure  air  also,  has  been  found  to  give, 
after  the  foreign  ingredients  were  separated  and  subtracted,  21 
to  79  as  the  proportions  of  the  two  gases,  in  the  remaining 
mixture  of  oxygen  and  nitrogen.  For  example,  Configliachi 
examined  the  air  collected  over  rice  fields, — Seguin,  Gay 
Lussac,  and  von  Humboldt,  that  which  was  collected  in  a 
theatre  at  Paris,  filled  with  people, — E Davy,  that  from  hos- 
pitals,— Theodore  de  Saussure,  that  from  a bed-room  in  the 
morning.  All  these  specimens  of  air  showed  no  variation 
whatever  in  the  amount  of  oxygen  and  nitrogen,  provided 
the  foreign  mixtures  were  previously  separated. 

But,  according  to  Levy,  this  composition  is  not  invariabla 
He  found,  for  instance,  in  the  air  of  Guadalonpe,  collected  by 
Deville  from  different  places,  the  following  per  centage  of 
oxygen  by  weight : — 
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Norenber  28,  1842,  22.88  Oxygen. 

23,  22.88 

29,  23.00  ... 

20,  23.03  ... 

27,  23.04  ... 

21 23.05  ... 

23,  23.14  ... 

The  air  at  Ckipenhagen  gave,  from  the  17th  of  November 
to  the  22d  of  December,  1841,  23  per  cent  of  oxygen  by 
weight  At  Elsineur,  close  to  the  sea,  he  found,  in  February, 
1842,  23.037. 

During  a journey  from  Havre  to  Copenhagen,  he  collected 
air,  which,  on  the  2d,  3d,  and  4th  of  August,  gave  226  of 
oxygen. 

Levy  ascribes  this  difference  to  oxygen  given  off  by  In- 
fusoria, which  are  occasionally  found  in  searwater  (see  below). 
But  it  may  be  asked,  if  that  difference  ought  not  to  be 
ascribed  rather  to  error  in  his  experiments?*  It  is  safer, 
therefore,  at  present  to  consider  the  composition  of  the  at- 
mosphere to  be  constant  in  so  far  as  regards  the  relative  pro- 
portions of  the  oxygen  and  nitrogen. 

Yet  we  ought  not  to  conclude  positively,  that  the  propor- 
tion of  oxygen  and  nitrogen  never  changes.  All  we  are  war- 
ranted to  infer  is,  that  the  existing  variation  lies  beyond  the 
reach  of  observation  ; that  the  causes  of  disturbance  are  not 
greater  than  those  by  which  the  difference  is  made  up  ; that 
in  walled  rooms  the  disturbed  equilibrium  is  much  too 
quickly  restored  by  the  draught  of  air,  to  admit  of  its  being 
observed  ; that  in  open  air  the  winds  quickly  supply  whatever 

* flee  Journal  de  Chemie  et  de  Pbannacie,  May,  1844,  p.  212. — Morren, 
boveTer,  haa  lately,  to  a certain  extent,  confirmed  the  reealta  of  Levy.  He 
fixmd  that  air,  collected  on  the  immediate  surface  of  large  ponds  of  sca.water 
eorering  many  sea-veeds,  in  the  middle  of  a clear  and  very  calm  sunny  day  in 
ipril,  contained  23  per  cent,  of  its  bulk  of  oxygen.  This  exce«  of  oxygen 
be  attribntea  to  the  rapid  escape  of  bubbles  of  oxygen 'gas  from  the  surface  of 
the  vater,  and  of  the  green  plants  beneath  it  under  the  influence  of  the  sun's 
lays.  Of  course,  this  gas  will  soon  mix  with  the  surrounding  air,  and  at  a 
Toy  mall  distance  from,  or  height  above,  the  water,  all  sensible  difiTcrenre 
is  the  per  oentage  of  oxygen  should  disappear.  See  Annales  de  Chem.  et  de 
Phys.,  xii.  p.  34. — J. 
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portion  of  the  oxygen  may,  by  various  circumstances,  be  abs- 
tracted 

The  quantity  of  this  oxygen  is  indeed  astonishing.  If  we 
assume  the  height  of  the  atmosphere  to  be  a geographical  mile, 
that  is,  22,843  feet; — if  we  bear  in  mind,  that  the  radius  of 
the  earth  is  860  of  these  miles,  then  the  bulk  of  the  air 
amounts  to  9,307,500  cubic  miles,  that  is,  a cube  of  which  the 
side  is  210  miles;  so  that,  there  being  21  per  cent  of  oxygen, 
the  earth  is  surrounded  by  a quantity  of  this  gas,  equal  to 
a cube  of  which  the  side  is  125  miles;* — an  astonishing 
quantity,  indeed,  in  which  small  disturbing  causes  must  ne- 
cessarily escape  our  observation.  (Poggendorff,  in  Iland- 
wortebuch,  i.,  S.  562.) 

2°  The  amount  of  carbonic  acid  in  the  air  is  pretty  constant 
It  has  been  determined  in  various  ways.  Dalton  agitated 
a known  volume  of  air  with  lime-water,  and  weighed  the 
quantity  of  carbonate  of  lime  he  got  Thenard  employed 
baryta-water  for  the  same  purpose.  Theodore  de  Saussure 
took  a small  bottle  containing  baryta-water,  and  suspended 
it  in  a balloon  filled  with  air.  Brunner  transmitted  air,  by 
means  of  an  aspirator,  through  sulphuric  acid,  moistened  lime, 
and  again  through  sulphuric  acid,  and  weighed  the  two  lat- 
ter substances,  contained  in  a proper  apparatus. 

In  1827  and  1829,  de  Saussure  made  225  experiments,  to 
determine  the  proportion  of  carbonic  acid  in  the  air.  He 
found,  by  104  experiments  with  the  air  of  Chambeisy,  a small 
village  near  Geneva,  that  the  quantity  of  carbonic  acid  in 
10,000  parts  of  air  was,  on  the  average,  4.15,  the  minimum 
being  3.15,  the  maximum  5.74.  This  difierence  is  too  great 
to  be  ascribed  to  errors  of  observation.  De  Saussure  further 
found,  that  during  the  day  the  air  contained  less  carbonic  acid 
than  during  the  night.  lie  found,  during  the  day,  an  ave- 
rage of  3.38,  during  the  night,  of  4.32  ; the  maximum  during 
the  day  was  5.4,  during  the  night,  5.74.  With  slight  winds 
at  mid-day  he  found  a smaller  quantity  of  carbonic  acid 
than  when  the  wind  was  violent ; — in  the  former  case,  3.76, 

• Of  the  mile  here  spoken  of  there  are  16  to  a degree,  and  it  is  equal  to  4 J 
English  mites.  Of  the  common  German  mile  there  are  15  to»a  degree. — J. 
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in  the  latter,  3.98.  The  quantity  of  carbonic  acid  was  di- 
minished less  by  violent  showers,  than  by  continued  gentle 
rains.  The  quantity  was  greater  over  cultivated  grounds, 
than  over  the  Lake  of  Geneva ; at  Chambebsy,  he  found  4.60, 
when  the  air  above  the  Lake  of  Geneva  gave  him  4.39.  In 
30  observations,  which  he  made  simultaneously  at  Cham- 
beisy,  and  in  a street  of  Geneva,  he  found  the  proportion 
in  tlie  air  in  the  neighbourhood  of  Geneva,  4.37 ; in  that  of 
the  town  itself,  4.68,  showing  a larger  quantity  of  carlx»nlc 
acid  in  the  latter  place.  Finally,  he  found  that  on  mountains 
the  air  contained  somewhat  more  carbonic  acid  than  in  the 
lower  regions  of  the  atmosphere ; the  difference,  however, 
was  very  small 

The  same  experiments  were  repeated  by  Verver,  after  the 
method  of  Brunner,  and  his  results  confirmed  those  of  de 
Saussure* 

3’  We  must  here  advert  to  the  quantity  of  ammonia  in  the 
atmosphere,  which  is  considered  by  Liebigf  of  such  great  im- 
portance to  the  growth  of  planta  It  frequently  happens,  that 
traces  of  ammonia  are  found  in  rain-water ; but  its  quantity 
is  so  very  small,  that  Liebig  himself  could  obtain  only  a trace 
from  many  htindreds  of  pounds  of  rain-water.  In  another 
work  (Scheikundlge  Onderzoekingen,  Deel  II.,  p.  78),  I have 
shown  it  to  be  impossible  that  plants  should  obtain  their 
nitrogen  from  that  source — that  the  quantity  of  ammonia  in 
the  atmosphere  is  exceedingly  small — and  that,  in  fact,  it 
should  not  take  any  higher  rank  as  regards  organic  nature, 
than  the  many  other  substances  accidentally  mixed  in  minute 
quantity  with  the  atmosphere,  and  which  are  really  innu- 

• Terrer*  result*,  obtained  at  Groningen,  give  4.2  parts  in  10,000,  his  maxi- 
Dnm  being  5.1,  and  his  minimtun  3.5.  Since  these  were  published,  an  ela- 
borate aeries  of  observations  ha.s  been  published  by  Boussinganit.  The  mean 
fernine  months,  according  to  his  observations  made  in  Paris,  was  4 parts  in 
10,000,  the  minimum  being  2.2,  and  the  maximum  C.T.  A scries  of  lOexperi- 
laents,  made  on  the  same  snccessive  days  in  September  and  October,  1843, 
sad  at  the  same  hours  by  Bouasingault  in  Paris,  and  Levy  at  Andilly,  near 
Montmorency,  gave  for  the  carbonic  acid  in  the  air  of  the  city  3.19,  and  in 
that  of  the  country,  2.989.  This  is  in  accordance  with  the  result  of  dc  .Saussure. 
Ann.  de  Chem.  ct  dc  Phys.,  x.  66,  462,  and  472. — J. 

+ Organic  Chemistry  applied  to  Agriculture. 
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merable.  I shall  recur  to  this  point,  however,  in  treating  of 
arable  soil  For  the  present,  it  may  be  enough  to  remark, 
that  the  atmosphere  contains  a quantity  of  ammonia  which  as 
yet  it  has  not  been  found  possible  to  weigh ; and  which,  to 
organized  nature,  is  but  of  secondary  importance. 

4“  The  quantity  of  water  in  the  atmosphere  varies  consider- 
ably, at  different  times  and  in  different  places.  It  is,  besides, 
dependent  on  the  temperature  of  the  air,  and  of  the  water 
evaporating  from  the  earth’s  surface  The  air  being  in  con- 
tact in  one  place  with  large  collections  of  water,  which  are 
continually  evaporating,  and  in  another  with  dry,  arid  ground, 
this  variation  must  be  considerable.  The  continual  rising  of 
currents  of  air,  causes  the  vapours  which  are  diffused  through 
the  atmosphere  to  form  clouds,  that  is,  utricular  vapours, 
which  float  in  the  atmosphere  at  a height  of  from  5,000  to 
20,000  feet,  according  to  the  latitude  of  the  place.  By  the 
ascent  of  these,  the  lower  parts  of  the  atmosphere  are  deprived 
of  their  aqueous  vapour,  the  quantity  of  which  is  thus  de- 
pendent on  the  source  and  temperature  of  the  evaporating 
fluid,  on  the  temperature  of  the  air,  the  velocity  of  the  wind, 
and  many  other  causes.  Atmospheric  air  is  never  quite  dry, 
as  it  is  never  quite  free  from  carbonic  acid.  To  some  sub- 
stances this  moisture  obstinately  adheres ; others  absorb  it 
gradually  and  become  liquid ; while  others  again  are  changed 
in  their  nature  through  its  influence.  For  instance,  the  rust- 
ing of  metals  is  a combined  effect  of  the  moisture  of  the 
atmosphere,  of  its  carbonic  acid,  and  of  its  oxygen.  In  a word, 
an  acquaintance  with  the  quantity  of  aqueous  vapour  in  the 
atmosphere  is  of  the  greatest  importance  to  a right  knowledge 
of  its  peculiar  propertiea 

The  proportion  of  aqueous  vapour  has  been  determined  by 
Verver  for  the  Netherlands.  In  1000  volumes  of  air  he  found 
the  minimum  5.8 ; the  maximum  10.18  ; the  former  on  the 
24th  of  August,  at  ten  o’clock  A.M. ; the  latter  on  the  4th  of 
May,  at  half-past  eleven  a.m.  The  average  of  60  observations, 
during  May,  August,  and  September,  was  8.47.  From  an 
early  hour  in  the  morning  to  10  o’clock  A.M.,  it  was  7.97 — 
from  10  to  2 o’clock  p.m.,  8.58 — and  from  2 o’clock  till  the 
evening.  8.85.  (Bulletin,  1840,  p.  191.) 
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6°  Finally,  Boussingault,  Verver,  and  others,  have  shown  the 
presence  in  the  atmosphere  of  other  substances,  which  con- 
tain hydrogen  and  carbon.  Boussingault  and  Verver  passed 
atmospheric  air,  freed  from  carbonic  add,  over  red-hot  copper, 
and  obtained  small  quantities  of  water  and  carbonic  acid. 
By  means  of  the  oxygen  of  the  air,  the  hydrogen  and  the 
carbon — no  matter  in  what  state  they  existed  in  it — would 
be  changed  into  water  and  carbonic  acid,  while  passing  together 
over  red-hot  copper. 

We  cannot  determine  in  what  state  this  hydrogen  and 
carbon  are  contained  in  the  atmosphere  ; they  may  be  so,  in 
the  form  of  hydrogen  gas,  carburetted  hydrogen,  and  carbonic 
oxide,  or  possibly  in  that  of  volatile  organic  substances.  As  to 
this  point,  nothing  has  yet  been  ascertained,  nor  can  it  be  de- 
termined by  such  experiments  as  these.  It  is  certain,  how- 
ever, that,  before  the  constituents  of  organized  bodies  are 
reduced  to  their  most  intimate  combinations,  they  can  assume 
a great  many  intermediate  states — supplying  the  atmosphere 
with  either  solid,  liquid,  or  ga^us  products.  • Thus,  in  every 
kind  of  putrefaction,  peculiar  volatile  substances  are  diffused 
through  the  air,  which  may  contain  the  four  organic  ele- 
ments combined  in  various  waya  Further,  in  a great  many 
diseases — such,  for  example,  as  cause  eruptions  on  the  skin — 
volatile  compounds  escape  from  the  patients,  and  are  diffused 
through  the  atmosphere.*  Many  substances,  also,  which, 
both  at  ordinary  and  at  more  elevated  temperatures,  are 
regarded  as  fixed  and  not  volatile,  are  constantly  emitting 
particles  in  a state  of  vapour,  and  diffusing  them  through 
the  atmoi^here — such,  for  instance,  are  potash,  soda,  and 
even  iron,  when  smelted  in  blast  furnaces.  Thus,  the  atmo- 
sphere must  contain  not  only  substances  consisting  of  carbon, 
hydrogen,  nitrogen,  and  oxygen,  but  a great  many  others 

* See  on  this  snbjeet  the  elaborate  treatise  of  Dr  J.  Van  Oeons,  Katnar^en 
Geneetkandige  Beechoawingen  van  Hocrassen  en  Moeraauekten.  Amsterdam, 
1839.  (Physical  and  Medical  Considerations  on  Marshes  and  Marsh  Diseases. 
Amsterdam,  1839.)  Mulder's  Verhandeling  over  de  Wateren  en  de  Lncht  van 
Amsterdam  (Treatise  on  the  Waters  and  the  Air  of  Amsterdam),  p.  163,  may 
abo  be  eonsnlted  on  this  snbjeet. 
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besides,  which  it  would  really  he  of  importance  to  investi- 
gate, but  on  which  it  is  unnecessary  for  our  present  purpose 
to  dwell. 

We  are,  therefore,  entitled  to  state,  as  a general  result  of 
this  brief  enumeration  of  the  component  parts  of  the  atmo- 
sphere, that  besides  a countless  number  of  accidental  ingre- 
dients, which  are  continually  carried  down  again  to  the  earth 
by  the  rain,  the  chief  constituents  of  the  atmosphere  are  a 
mixture — nearly  constant,  as  far  as  we  are  able  to  observe — 
of  21  parts  of  oxygen  and  79  of  nitrogen  by  volume,  a variable 
proportion  of  aqueous  vapour,  and  a quantity  of  carbonic  acid, 
wliich  amounts  on  an  average  to  something  less  than  half  a 
thousandth  part 

Two  great  causes  of  disturbance  are  continually  at  work 
to  diminish  the  quantity  of  oxygen  in  the  atmosphere, 
namely,  the  respiration  of  animals,  and  combustion.  By 
these  processes,  vast  quantities  of  oxygen  are  consumed,  and 
combined  with  carbon  into  carbonic  acid.  We  shall  after- 
wards inquire,  how  far  these  causes  may  tend  to  change  the 
composition  of  the  atmosphere ; at  present  we  only  remark, 
that  those  two  disturbing  causes  are  opposed  by  a third,  which, 
if  the  equilibrium  be  disturbed,  may  restore  it  again,  namely, 
the  decomposition  of  the  carbonic  acid  by  plants,  and  the  se- 
paration of  oxygen  by  their  green  parts.  This  decomposition 
is  orte  of  great  importance.  While  the  larger  animsils,  by 
their  respiration,  continually  extract  oxygen  from  the  atmo- 
sphere, and  give  off  carbonic  acid,  plants,  on  the  other  hand, 
absorb  carbonic  acid  and  give  olF  oxygen  ; — this  evolution  of 
oxygen  being  their  action  during  the  transformation  of  the 
nutritive  substances  which  they  have  absorbed,  and  among 
which  carbonic  acid  is  one  of  the  most  important — into  other 
compounds,  either  poor  in,  or  altogether  destitute  of  oxygen. 
In  relation  to  the  atmosphere,  therefore,  the  larger  animals 
and  plants  arc  directly  opposed  to  each  other,  and  we  shall 
aftenvards  treat  of  their  several  functions  in  this  respect. 

To  this  generally  acting  cause,  tending  to  restore  the  equi- 
librium, previously  disturbed  by  respiration  and  combustion, 
a second  remains  to  be  added,  which  is  of  no  less  importance, 
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though  of  less  extensive  influence,  than  the  green  parts  of 
planta  I refer  to  the  very  remarkable  observation  made  by 
Morren,*  that  not  only  plants,  but  also  some  kinds  of  animals, 
very  simple  in  their  structure,  give  OS’  oxygen,  when  exposed 
to  the  rays  of  the  sun.  After  a great  many  analyses  of  the 
air  contained  in  different  kinds  of  water,  from  wells,  from 
stagnant  pools,  and  from  marshes,  it  appeared  to  him,  that 
such  of  the  latter  as  contained  a greenish,  minutely  divided 
substance,  gave  off  a considerable  portion  of  oxygen — so  that, 
according  to  his  calculation,  from  a bulk  of  water  of  8000 
cubic  feet,  in  favourable  circumstances,  128  cubic  feet  of 
oxygen  were  given  off  into  the  atmosphere  in  a single  day. 
This  production  of  oxygen  was  dependent  on  the  sunshine, 
and  reached  its  maximum  on  a clear  summer’s  day,  about 
four  or  five  o’clock  in  the  afternoon.  The  quantity  of  gas, 
during  its  strongest  evolution,  was  considerably  diminished 
by  the  interposition  of  a piece  of  black  cloth.  He  found  the 
largest  proportion  of  oxygen  in  100  parts  of  air  from  the 
water  to  be  61 ; the  smallest  16  to  17.‘t‘  The  green  substance, 
to  which  this  disengagement  of  oxygen  was  to  be  ascribed,  he 
found,  when  observed  through  the  microscope,  to  consist,  for 
the  most  part,  of  the  Enchelia  monadina  vireacens  euleapkoenea 
of  Bory  de  St  Vincent,  occasionally  mixed  with  the  Enchelia 
pttlriaculua  viridia  of  Muller,  the  Monaa  bicolor  of  Ehrenberg, 
&c,  which  are  small  monads — animalcules,  therefore,  perform- 
ing the  same  functions  which  are  usually  performed  by  planta 
From  the  smaller  proportion  of  pxygen  obtained  during 
the  night  than  during  the  day,  a deviation  which  always  de- 
pended on  the  quantity  of  these  green  animalcules  in  the 
water,  Morren  drew  the  conclusion,  that  they  decompose  the 
carbonic  acid  contained  in  the  water,  retaining  and  living 

* Annales  de  Cbemie  et  de  Physique,  Avril,  1841,  and  Biblioth.  Uoivers. 
Noremb.  1841,  p.  386. 

t Morren  states  the  very  interesting  fact,  that  when,  in  Juno,  1835,  the  air 
in  the  waters  of  the  river  Marne,  a slow-flowing  river,  contained  only  1 8 per  cent, 
of  oijgen,  great  numbers  of  particular  kinds  of  fish  perished.  How  beauti- 
fnlly  does  this  prove  the  wise  purpose  for  which  the  air,  in  our  rivers  and  seas, 
has  been  made  to  contain  so  large  a proportion  of  oxygen ! — J. 
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on  the  carbon  in  the  same  manner  as  plants  do ; whence  it  is  to 
be  presumed  that  their  chemical  constitution  may  nearly 
resemble  that  of  planta 

Morren  obtained  the  same  result  from  other  microscopical 
animalcules,  which  were  not  green,  but  red ; the  proportion, 
however,  which  they  gave  off,  reached  a maximum  of  47  per 
cent.  only.  These  animalcules  were  the  Trachdomonat  volvo- 
dna  of  Ehrenberg,  of  a beautiful  red  purple  colour.  The 
green  colour  of  the  former,  therefore,  has  no  relation  whatso- 
ever to  the  quantity  of  oxygen  evolved.  The  difference  be- 
tween the  quantities  of  oxygen,  produced  by  both  kinds  of 
animalcules,  may  be  ascribed  to  accidental  causea 

Wohler  has  made  the  same  observation.  In  the  salt-water 
springs  of  Kur-Hesse,  a green  mucilaginous  matter  is  formed 
during  the  summer’s  heat,  in  which  great  numbers  of  air- 
bubbles  appear.  These  bubbles  contain  51  per  cent  of  oxy- 
gen, and  49  of  nitrogen.  The  green  matter  consists  almost 
entirely  of  species  of  Navicula  and  Gallionella,  mixed  with 
fibres  of  Confervae — in  a word,  for  the  most  part,  of  Infusoria.* 
In  this,  therefore,  a new  source  of  purification  to  the  atmo- 
sphere has  been  discovered.  Not  only  do  plants  decompose 
the  carbonic  acid,  but  the  countless  multitudes  of  Infusoria, 
which  are  to  be  found  in  stagnant  waters,  act  as  auxiliaries 
to  the  plants,  in  decomposing  carbonic  acid  and  extricating 
its  oxygen. f 

It  is  almost  certain,  that  the  atmosphere  has  always  con- 
sisted of  nearly  the  sapie  constituents  as  at  present  I do 
not  here  refer  to  what  it  might  have  been  in  another  order  of 

* Annalcn  der  Chemie  nnd  Pharmacie,  1842. 

+ Morreu  has  more  lately  found  that  the  air  in  ata  water,  which,  when  the 
•ky  is  obscure,  contains  33  per  cent,  of  oxygen,  contains  more  after  some  hours 
of  bright  sunshine,  and  varies  between  31  and  39  per  cent.  It  is  least  in  the 
morning  and  in  cloudy  weather,  and  greatest  after  mid-day,  and  in  prolonged 
bright  weather.  The  whole  sea,  therefore,  may  be  considered  as  a constant 
purifier  of  the  air,  removing  its  carbonic  acid  and  renewing  its  oxygen.  It 
does  not  appear,  from  Horren's  resem'ches,  that  t*UibU  Infusorial  *>*im*l«  are 
necessary  to  this  action  of  sea-water,  as,  in  the  water  he  examined,  the  mioro- 
seopc  showed  the  presence  of  very  few  Infusoria-  Is  the  effect  produced  by 
animals  too  minute  even  for  the  microscope  1 — J, 
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things ; I allude  only  to  the  state  in  which  it  has  existed 
since  the  last  great  geological  revolution,  and  especially  since 
the  dispersion  of  man  over  the  earth’s  surface.  Much  too 
short  a period  has  intervened,  since  eudiometrical  experi- 
ments—determinations  of  the  relative  proportions,  that  is,  of 
oxygen  and  nitrogen — were  first  made,  to  admit  of  any  positive 
conclusion  being  drawn  ; but  there  are  other  grounds,  which 
seem  to  warrant  the  inference,  that  the  proportion  of  the  oxy- 
gen to  the  nitrogen  in  the  atmosphere,  as  now  known,  is  as 
old  as  the  existing  state  of  things,  or,  at  least,  may  at  first 
have  but  slightly  differed  from  what  we  find  it  now  ; — it  being 
probable,  also,  that  previous  to  that  time,  the  atmosphere  was 
entirely  different  from  what  it  is  now. 

It  is  not  to  be  denied,  that  the  carbonic  acid,  which  is  dis- 
charged into  the  air  by  animals  and  by  combustion,  is  decom- 
posed by  plants.  They  decompose  the  amount  supplied  to 
them  from  these  sources,  and  disengage  its  oxygen.  They 
cannot  decompose  more.  Thus  vegetation,  or  the  number  of 
plants,  depends  on  the  quantity  of  carbonic  acid  in  the  air, 
and  conversely  upon  the  number  of  plants  depends  the  quan- 
tity of  oxygen  which  is  liberated  from  the  decomposed  car- 
bonic acid ; — and  thus  the  life  of  animals  depends  on  the 
nnmber  of  plants. 

There  are  some  plants  which  live  entirely  on  what  they  re- 
ceive from  the  atmosphere,  without  drawing  any  food  from  the 
soil,  except  some  inorganic  salts  and  basea  To  these  belong, 
among  others,  the  lichens  and  mosses,  with  which  the  bare 
rocks  are  covered,  and  which  grow  in  inaccessible  places, 
where  no  change  has  ever  been  effected  by  the  hand  of  man, 
and  no  natural  deposit  has  ever  been  mada  To  these  fur- 
ther belong  many  phanerogamic  plants,  the  so-called  fatty 
plants  (plantet grasses),  a great  many  Cacti,  Euphorbias,  Sem- 
pervivum,  &c.,  and  a great  many  of  the  false  parasitical 
plants,  which  are  fixed  to  trunks  and  branches  of  trees  by 
means  of  their  own  roots,  and  do  not  draw  any  of  their  food 
from  them.  (MiqueL)* 

It  cannot  be  ascertained,  how  the  germs  of  the  lichens  and 
* BuUetin,  1888,  p.  86.  PI.  I.  6g.  B. 
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mosses  have  first  been  produced,  or  orirrinally  brought  to  their 
present  place.  It  is  sufiBclent  for  us  that  they  do  exist,  and 
that  they  grow  by  means  of  the  atmosphere. 

A vegetation  of  this  kind  must  neces.sarily  have  preceded 
the  pre.scnt  one  ; for  there  was  a time  when  no  soil  existed, 
and  its  organic  parts,  together  with  those  of  animals  and 
plants,  were  constituents  of  the  atmosphere. 

The  first  plants  which  grew  upon  the  earth,  but  no  longer 
exist  in  a living  form — though  they  have  been  accurately  de- 
termined by  geology  from  their  remains — could  have  found  no 
humus,  but  must  have  derived  their  organic  constituents  from 
the  atmosjihere.  Among  them  are  found  gigantic  productions, 
which  so  resemble  the  existing  vegetation  in  structure,  that  it 
may  be  assumed  as  certain,  that  the  function  of  nourishment 
has  never  been  subjected  to  other  laws  than  those  which  we 
recognise  in  the  existing  vegetation.  At  that  time,  in  the 
primitive  world,  the  naked  rocks  must  have  been  covered 
with  gigantic  Equisetacese,  liycopodiaceoc,  arborescent  ferns, 
and  pines.* 

Plants,  which  now  live  on  the  atmosphere,  require  carbonic 
acid,  water,  and  nitrogen  ; the  last  of  which,  by  the  decompo- 
sition of  water,  gives  rise  to  ammonia,  under  conditions  of 
which  we  shall  aftcrwafds  treat.  (See  Arable  Soil.)  In  this 
manner  they  obtain  carbonic  acid,  water,  and  ammonia,  in 
which  they  find  all  their  nourishment ; the  atmosphere  can- 

* nmnn,  Lethic*  Ucyognoiitica,  1 Bd.  Broj^niart,  Prodrome  d'une  IIutoiTO 
dc«  VegcUox  Foiwilcu.  Paris,  1828. 

It  may  reaaonably,  I think,  l>e  doubted  whether  obaerred  faets  in  geology 
bear  out  th!»  opinion  of  Mulder  in  regard  to  the  entire  abncnce  of  a vegetable 
roil  in  those  remote  timea  when  the  tree«  rcfcrrcil  to  flourinhed  on  the  earih'a 
aurlacc.  The  dirt-bed  of  the  Ixle  of  Portland,  and  other  loralitiea,  which  lie* 
between  the  marine  depoaita  of  the  Oolite  and  the  fresh  water  atrata  of  the 
Weolden,  ia  an  ancient  noil  in  which  many  tree*  grew  ; and  the  elavA  on  which 
nearly  all  our  bed*  of  coal,  without  exception,  rent,  and  in  which  ao  many  root* 
arc  found,  ia  no  doubt  the  aoil  in  which  the  rcgcUtionof  that  epoch  waa  Axed. 
Tree*  are  known  now,  lioth  in  our  own  and  in  warmer  and  drier  climate*,  to 
grow  oecaaionally  on  naked  rocka ; but  wooda  and  forest*  grow  only  where  a 
aoil  exiaU.  In  the  absence  of  any  facta  to  the  contrary,  therefore,  it  i*  safer  to 
believe  that,  in  the  early  geological  epochs,  when  terrcalrial  vegetation  pre- 
vailed, vegetable  toil*  alao  were  gradually  produced. -Kf. 
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not  give  them  more ; and  as  they  live  on  nothing  but  car- 
bonic acid,  water,  and  nitrogen,  in  the  form  of  ammonia,  they 
must  be  able  to  prepare  from  these  substances  their  several 
peculiar  constituents. 

If  we  supjwse  such  plants  as  now  grow  upon  bare  rocks, 
to  be  planted  in  a stony  soil  within  an  enclosed  space,  and  sur- 
rounded by  an  atmosphere  of  carbonic  acid,  aqueous  vapour, 
and  nitrogen,  from  which  last  ammonia  may  be  produced  by 
the  decomposition  of  the  water — then  these  plants  will  decom- 
pose the  carbonic  acid,  and  give  off  the  oxygen ; and  from  the 
ammonia,  the  carbon,  and  part  of  the  carbonic  acid  left  behind, 
as  well  as  the  water,  several  vegetable  substances  will  be 
produced,  which  will  adhere  to  the  stony  ground.  The  fur- 
ther the  decomposition  of  carbonic  acid  and  the  condensa- 
tion of  nitrogen  proceed,  the  better  do  the  plants  grow — the 
greater  is  the  amount  of  the  four  organic  elements  which 
they  fix  to  the  stony  ground  ; and  the  greater  also  the  amount 
of  oxygen  which  is  mixed  with  the  surrounding  nitrogen, 
carbonic  acid,  and  aqueous  vapour. 

If  the  plants,  after  the  seed  is  matured,  die  within  this 
enclosed  space,  then  they  putrefy,  and  organic  humus-like 
substances  are  left  behind.  The  decomposition  of  these  sub- 
stances proceeds  still  farther,  and  the  products  are  carbonic 
acid,  which  is  diffused  through  the  air,  and  ammonia,  which 
remains  intimately  combined  with  the  humic  substances  of 
the  soil  In  these  decaying  substances,  the  seed  sprouts  and 
grows  to  a small  plant ; the  carbonic  acid  from  the  air,  and 
the  ammonia  formed  from  nitrogen  and  aqueous  vapour,  are 
decomposed  by  the  young  plant ; the  latter  thereby  is  ad- 
vanced in  its  growth,  gives  off  oxygen,  and  produces  new 
organic  substances,  which  again  form  constituents  of  plants. 
These  plants  putrefy  in  their  turn,  and  so  this  rotation  is  con- 
tinually going  on.  The  production  of  plants  cannot  exceed  the 
supply  of  the  substances  on  which  they  live;  they  can  only  rise 
to  a height  projKutioned  to  the  quantities  of  food  afforded  to 
them,  which  existed  originally  in  the  air  in  the  s^te  of  gas. 
The  nitrogen,  which  was  in  the  enclosed  space,  along  with 
arbonlc  acid  and  aqueous  vapour,  thus  becomes  mixed  with 
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oxygen  on  the  first  decomposition  of  the  carbonic  acid  by  the 
plants  ; and  this  process  is  continued,  till  there  is  no  more  car- 
bonic acid  to  be  decomposed.  Then  the  oxygen  attains  a 
maximum.  When  the  dead  plants  decompose,  their  carbon  at 
the  same  time  takes  up  oxygen,  and  thus  the  quantity  of  the 
latter  again  falls  towards  a minimum,  which  is  attained  when 
putrefaction  is  completed,  and  young  plants  rise  from  the  ger- 
minating seed.  In  such  a limited  space,  the  largest  quan- 
tity of  oxygen,  and  the  smallest  of  carbonic  acid  and  hitro- 
gen,  would  exist  when  the  plants  had  attained  the  period  of 
most  luxuriant  growth  ; on  the  contrary,  the  smallest  quan- 
tity of  oxygen,  and  the  largest  of  carbonic  acid  and  nitrogen, 
would  exist  when  the  dead  plants  had  reached  the  highest  de- 
gree of  putrefaction. 

If  we  suppose  that  in  the  enclosed  space,  in  which  the  stony 
ground  is  already  covered  with  a layer  of  humic  substances, 
and  which  contains  ammonia  and  oxygen  in  the  state  of  gas 
already  mixed  with  the  nitrogen,  aqueous  vapour,  and  car- 
bonic acid — if  we  suppose  that  in  this  space  the  seeds  of 
other  plants  are  present,  these  will  rise  and  attain  a luxuriant 
grow'th,  and  will  add  to  the  condensation  of  carbon,  hydro- 
gen, and  nitrogen  from  the  surrounding  gases,  and  to  the 
disengagement  of  oxygen  into  the  air. 

Suppose,  now,  that  at  this  point  we  enclose  certain  animals 
along  with  the  plants,  in  the  same  limited  space  in  which  the 
latter  have  already  mixed  the  nitrogen  with  oxygen,  then 
the  former  will  inhale  the  oxygen,  and  will  substitute  for  it 
nearly  an  equal  bulk  of  carbonic  acid.  The  amount  of  car- 
bonic acid  in  the  enclosed  space  being  thus  Increased,  is  again 
given  to  the  plants  for  decomposition,  which  thereby  grow 
more  luxuriantly,  and  restore  again  a large  quantity  of  oxygen. 
If  these  animals  eat  of  the  plants  thus  inclosed  with  them,  a 
portion  of  the  latter  will  be  deprived  of  the  power  to  decom- 
pose carbonic  acid  : but  these  animals  soon  give  oft'  their 
excrements,  which  putrefy,  and  produce  carbonic  acid  and 
ammonia  from  the  vegetable  nourishment  carried  through 
the  animal  body.  These  new  products  are  again  oflTered  as 
nourishment  to  the  plants,  which  thereby  grow  and  may  again 
serve  as  food  for  other  animals. 
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Finally,  if  we  kindle  a fire  in  the  enclosed  space  after  the 
oxygen  is  introduced,  then  the  carbon  of  the  burning  organic 
substance  will  l>e  changed  into  carbonic  acid  by  the  combus- 
tion, and  in  this  way  also  food  will  be  prepared  for  the 
plants. 

If  the  supposition  above  made  be  applied  to  the  whole  at- 
mosphere, all  the  operations  described  remain  the  same.  At 
the  creation  of  the  most  ancient  order  of  things,  there  might, 
or  might  not  be,  oxygen  in  the  atmosphere.  If  there  were 
carbonic  acid,  nitrogen,  and  aqueous  vapour,  then,  at  the 
Tery  first  traces  of  this  peculiar  vegetation,  of  which  so  many 
indications  remain,  the  plants  must  necessarily  have  absorbed 
carbonic  acid  and  ammonia — formed  from  nitrogen  and  aque- 
ous vapour — and  so  oxygen  must  have  been  diffused  through 
the  atmosphere.  With  the  increase  of  vegetation,  the  carbonic 
acid  and  the  nitrogen  would  gradually  lessen  in  the  atmo- 
sphere. The  quantity  of  both  would  fall  towards  a mini- 
mum, while  that  of  the  oxygen  would  rise  towards  a maxi- 
mum— the  constituents  of  the  primitive  atmosphere  being 
more  and  more  condensed  into  solid  substances  on  the  rocky 
earth. 

Plants  may  preserve  their  existence,  without  the  presence  of 
either  animals  or  combustion.  By  the  putrefaction  which 
one  part  of  them  undergoes,  carbonic  acid  and  ammonia  arc 
supplied  to  the  other  part  Except  the  Infusoria,  all  animals 
must  have  begun  to  live  after  the  existence  of  plants,  for 
without  plants  no  animals  could  live  upjn  the  earth.  The 
black  layer  of  soil  must  have  come  into  existence  after  the 
plants,  for  it  can  be  produced  by  plants  and  animals  only. 
Thus  the  substance  of  the  organic  parts  of  animals  and  plants, 
and  of  the  black  layer  of  soil,  were  formerly  component  parts 
of  the  atmosphere. 

Animals  must  have  vegetable  food.  As  soon,  therefore, 
as  animals  arose  on  the  earth,  the  quantity  of  carbonic  acid 
in  the  atmosphere,  and  that  of  ammonia  in  the  black  layer 
of  soil,  began  to  be  increased  by  their  respiration  ; and  so  the 
food  for  plants  became  more  abundant  Thus  vegetation  must 
l>ave  been  supported  and  promoted  by  the  continual  increase 

II 


Digitized  by  Google 


THK  OHKMISTRT  Of 


1 ! ^ 

of  aiiiinal.s  on  the  earth  ; and  the  food  supplied  to  plants  from 
the  atmosphere  will  still  go  on  increasing,  with  the  increas- 
ing numbers  of  mankind. 

At  the  beginning  of  the  present  condition  of  things,  also, 
a very  remarkable  change  must  have  been  produced  in  the 
atmosphere,  by  the  formation  of  the  black  layer  of  soil.  The 
first  plants,  which  lived  upon  and  were  nourished  by  car- 
bonic acid  and  ammonia,  either  derived  or  prepared  from  the 
atmosphere,  did  not  restore  to  the  atmosphere  on  their  de- 
cay all  they  received  from  it,  but  left  on  the  earth’s  surface  a 
black  solid  substance.  As  that  layer  increased,  the  atmosphere 
must  necessarily  have  been  deprived  of  the  elements  of  car- 
bonic acid — and  of  ammonia,  either  condensed  or  formed 
from  the  atmosphere  by  the  decayed  plants.  And  in  propor- 
tion as  this  layer  of  humus  increased  (as  we  see  it  at  pre- 
sent doing  on  our  moors  and  mosses),  the  atmosphere  would 
become  poorer  and  poorer  in  carbonic  acid  and  nitrogen. 

That  the  production  of  a new  vegetation  upon  arid  tracts  of 
land  is  now  going  on  so  slowly,  is  to  be  ascribed  to  the  re- 
duction of  the'  quantity  of  carbonic  acid  to  a minimum  by 
the  great  number  of  plants  which  have  existed.  Every  new 
vegetation  fixes  carbon  to  the  ground.  If  drawn  from  the 
atmosphere  exclusively,  this  carbon  does  not  easily  return,  but 
is  chiefly  applied  to  the  support  of  the  plants  which  grow  on 
the  spot  where  the  layer  of  humus  has  been  deposited. 

After  the  creation,  and  especially  after  the  dispersion  of 
the  human  race,  a new  source  of  transformation  of  the  ele- 
ments came  into  existence,  in  addition  to  what  animals  were 
already  contributing  to  the  support  of  vegetation.  The  fires 
employed  for  warmth,  for  cooking,  &c.,  provided  new  nourish- 
ment, through  which,  places  hitherto  bare  might  become 
covered  with  jdants,  and  existing  vegetables  might  increase  in 
growth.  The  coal,  for  instance,  which  lies  concealed  under 
the  earth’s  surface,  being  changed  into  carbonic  acid  by  com- 
bining with  the  oxygen  of  the  air,  continually  supplies  to 
plants  a new  portion  of  nourishment.  The  more  coal  is  con- 
sumed, the  more  new  vegetable  products  (viz.,  cellulose  and 
other  indifierent  substances  not  containing  nitrogen)  may  be 
produced. 
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Prom  the  nature  of  these  reactions,  it  follows,  that  the 
black  layer  of  soil  is  a product  of  the  decomposition  of  ani- 
mals and  vegetables,  and  could  not  have  existed  before  these  ; 
that  the  plants  which  existed  before  its  formation  could  have 
no  other  source  of  food  but  the  atmosphere  ; — that  this  food 
must  necessarily  have  been  carbonic  acid  and  ammonia ; — 
that,  by  the  increase  of  plants,  and  of  the  black  layer  of  soil, 
the  composition  of  the  atmosphere  must  have  been  changed, 
the  proportion  of  carbonic  acid  and  nitrogen  being  diminished, 
while  oxygen  took  the  place  of  the  former; — that  during  this 
time  the  proportion  of  oxygen  in  the  atmosp>here  must  there- 
fore have  been  always  increasing  ; — that  a great  quantity  of 
carbon  and  nitrogen,  being  condensed  on  the  earth’s  surface, 
having  passed  into  plants,  into  the  state  of  humus,  and  into 
every  kind  of  organic  substance,  the  proportion  of  carbonic 
acid  present  in  the  atmosphere  must  have  become  very  minute, 
and  the  Increase  and  extension  of  pilants  over  tracts  of  land, 
not  yet  cultivated,  must  have  been  thereby  materially  ob- 
structed ; — that  then,  not  only  the  extension  of  vegetation  had 
attained  its  highest  point,  but  that  without  other  and  peculiar 
causes,  by  which  carbonic  acid  was  again  returned  to  the 
atmosphere,  it  could  not  have  been  maintained  at  that  highest 
point ; — that,  by  the  animals  which  came  after  the  plants,  the 
change  in  the  constituents  of  the  atmosp)here  has  been  con- 
siderably increased,  a larger  portion  of  carbonic  acid  and  nitro- 
gen being  separated  from  the  earth’s  surface,  and  brought 
into  a state  fit  for  being  moved  and  transpMjrtcd  over  the 
earth  ; — that  animals,  by  suppdying  new  food  to  plants, 
namely,  carbonic  acid  and  ammonia,  have  again  considerably 
supported  vegetation  ; — and  finally,  that  by  the  increase  of 
the  number  of  mankind,  by  their  resp)iration,  by  the  putre- 
faction of  their  dead  bodies,  and  above  all,  by  their  fires, 
this  effect  has  been  again  powerfully  promoted. 

Has  the  atmosphere,  since  the  appearance  of  man  on  the 
earth,  preserved  the  same  composition  as  it  had  before  ? and 
will  it  at  all  times  retain  the  same  composition — the  number 
of  mankind  being  continually  increasing,  and  that  of  forests 
diminishing  ? 
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It  is  not  to  be  denied,  that  the  quantity  of  carbonic  acid 
must  have  become  greater,  and  that  of  oxygen  less,  with  the 
increase  in  the  numbers  of  men,  who  respire  and  make  fires, 
and  whose  dead  bodies  putrefy  ; — but,  on  the  other  hand,  a 
great  many  animals,  on  the  increase  of  mankind,  have  been 
expelled  from  the  earth’s  surl'ace.  By  the  fires,  however, 
which  man  has  kindled,  the  quantity  of  carbonic  acid  has 
undoubtedly  been  increased,  and  that  of  oxygen  diminished  ; 
but  it  is  difficult  to  decide  with  certainty  whether  that  increase 
in  the  carbonic  acid  would  have  ever  become  perceptible, 
even  though  the  very  first  human  beings  had  been  able  to 
make  eudiometrical  experiments.  It  is,  however,  probable, 
that  in  any  given  bulk  of  atmospheric  air,  they  would  have 
found  a little  more  oxygen,  and  somewhat  less  carbonic  acid, 
than  in  the  present  day,  provided  the  method  of  investigation 
had  been  sufficiently  accurate. 

It  is  a consequence  equally  undeniable,  that  either  the  at- 
mosphere Avill  at  last  become  infected  by  man,  or  that  famine 
will  arise  on  the  earth.  By  the  continual  increase  of  man  on 
the  earth,  the  number  of  forests  has  been  diminished.  Man 
expels  and  destroys  animals  and  plants,  which  previously  lived 
undisturbed.  It  is  principally  by  the  large  forests  that  the 
great  quantity  of  carbonic  acid,  resulting  from  combustion  and 
respiration,  must  be  decomposed.  There  must  necessarily  be  a 
proportion  between  the  number  of  plants,  and  that  of  man  and 
animals  on  the  earth.  The  former  must  restore  what  the  lat- 
ter have  taken  from  the  atmosphere  ; — the  one  must  decom- 
pose what  the  other  has  imparted  to  the  atmosphere.  Where- 
everthe  equilibrium  between  the  number  of  plants  and  ani- 
mals is  disturbed, — that  is,  when  mankind  increase  and  plants 
diminish, — then  there  will  at  last  be  no  longer  a sufficient  quan- 
tity of  carbonic  acid  decomposed,  and  the  proportion  between 
the  oxygen  and  nitrogen,  which  we  now  assume  to  be  invari- 
able, will  be  altered. 

It  is  true  that  a large  portion  of  the  earth,  susceptible  of 
cultivation,  still  remains  uninhabited  by  man.  But  if,  in 
imagination,  we  transfer  ourselves  into  futurity, — if  we  sup- 
pose the  woods  destroyed,  the  earth  covered  with  edible  plants 
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which  reach  but  to  a small  height  in  the  atmosphere, — then 
we  have  In  imagination  reached  a limit  to  the  invariableness 
of  the  existing  composition  of  the  atmosphere,  and  at  the  same 
time  to  the  existence  of  man  upon  our  planet.  The  disap- 
pearance of  the  falls  of  Niagara  and  that  of  the  human  race 
belong  to  |>eriods,  which,  it  may  be,  are  still  far  tlistant,  but 
which,  notwithstanding,  will  certainly  arrive,  if  nothing 
meanwhile  interpose. 

When  will  that  period  arrive  ? This  is  a question  to  which 
we  may  give  an  approximate  answer.  According  to  the  ex- 
periments of  Lavoisier  and  Davy,  a man  consumes  26.04'  Paris 
cubic  feet  of  oxygen  in  24  hours  ; that  is,  9,505  cubic  feet  a 
year.  Let  us  suj>pose  the  number  of  men  on  the  earth  1,000 
millions,  then  these  consume  9,505,000,000,000  cubic  feet  of 
oxygen  every  year,  that  is,  nearly  8-lOths  of  a cubic  geogra- 
phical mile  The  whole  amount  of  oxygen,  by  which  the 
earth  is  surrounded,  is  1,953,570  cubic  geographical  miles.*  So 
that,  if  the  nuinl)er  of  mankind  on  the  earth  were  always 
1000  millions,  they  would  require  2,451,000  y'ears  to  take  away 
all  the  oxygen  from  the  atmosphere.  If,  from  the  present 
moment,  plants  were  to  cease  decomposing  carbonic  acid, 
all  the  oxygen  of  the  atmosphere  would  be  exhausted  after 
millions  of  years. 

By  the  operation  of  this  cause,  therefore,  the  human  race 
will  at  some  time  be  destroyed,  if  it  should  not  happen  to 
be  so  previously  from  other  causes. 

Whence  has  originated  that  admirable  uniformity  in  the 
composition  of  the  atmosphere,  which  has  been  observed  where- 
ever  and  whenever  it  has  been  investigated  ? First,  we  must 
not  conceal,  that  our  eudiometrical  methods  are  not  among 
the  most  accurate  ; so  that  slight  differences  in  the  composi- 
tion of  the  air  may  easily  escape  notice.  It  must  have  been 
owing  to  an  error  in  the  mode  of  experimenting,  for  instance, 
that  after  separating  the  carbonic  acid  from  the  air  in  the 

* For  this  calculation  of  PoggendoHT,  the  height  of  the  atmosphere  has  been 
taken  e<]aal  to  one  geographical  mile,  or  22,S43  feet ; the  radius  of  the  earth 
eqnai  to  860  geographical  miles,  and  thus  the  bulk  of  air,  consisting  of  21  of 
oirgen,  and  79  of  nitrogen— 9,307,500  cubic  geographical  miles.  (See  ante, 
p.  102— note.) 
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pit  of  a theatre,  where  many  people  were  breathing,  the  pro- 
portion of  oxygen  in  the  remainder  was  found  the  same  as 
in  the  air  outside  of  the  building  (Gay  Lussac  and  von  Hum- 
boldt). For,  whence  had  the  carbonic  acid  come,  which  is 
found  in  such  air  in  so  large  a proportion  ? Whence  could 
it  be  derived  except  from  the  oxygen  consumed  ? This  can- 
not bo  restored  immediately  by  the  opening  of  doors,  &c. — 
since  we  should  expect,  that  by  the  same  cause  the  carbonic 
acid  also  ought  to  have  been  partially  removed,  though  it 
be  heavier.  In  such  air,  however,  a great  deal  of  carbo- 
nic acid  was  found,  but  no  difl’erence  in  the  proportion  of 
oxygen. 

With  the  exception  of  these  smaller  errors  of  observation, 
the  composition  of  the  atmosphere  is  now  everywhere  con- 
stant, or  nearly  so. 

The  heavy  rains  in  the  first  place  carry  to  the  earth  many 
of  the  less  important  vapours.  These  vapours  penetrate  into 
it,  either  to  be  decomposed  by  plants,  or  to  be  converted  into 
chemical  compounds,  in  the  substances  of  the  earth’s  crust. 
Among  the  latter  are  the  sulphuretted  hydrogen  given  off  by 
putrefaction,  and  many  other  substances,  which  combine  with 
the  metals  of  the  salt-bases  in  the  earth,  and  are  gradually 
changed  into  salts  by  the  influence  of  the  oxygen  of  the  air, 
which  is  present  eveiywhera  In  this  manner  carbonic  acid, 
and  the  traces  of  ammonia,  which  exist  in  the  air,  are  also  con- 
veyed to  the  small  radicles  of  plants.  And  in  like  manner, 
after  having  remained  in  the  ground  for  a longer  period  of  time, 
those  sulistances  which  are  given  off  by  the  bodies  of  animals, 
&C.,  and  are  at  first  injurious  to  vegetation,  must  be  decom- 
posed and  changed  into  new  plants.  (Ball,  for  instance,*  hav- 
ing left  the  head  of  a Delphiuus  phocena  to  putrefy  in  a hot- 
house, found,  after  a time,  a great  many  ferns,  as  well  as  other 
plants,  in  an  unhealthy  condition,  withered,  and  discoloured ; 
viz.,  Osmunda  regalis,  Adianthum  capillus  veneris,  many 
species  of  Aspidium ; also  Rubus  corylifolius,  Oxalis  aceto- 
sella,  i:c.) 

But  in  that  air-ocean  itself,  another,  and  a much  more 
* Biblioth.  Unlv.,  Not.  1841,  p.  413. 
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powerful,  cause  of  its  uniform  composition  exists,  namely,  the 
motion  imparted  to  it  by  so  many  various  causes,  by  which,  in 
the  tropics,  hot  strata  of  air  rise,  direct  themselves  to  the  North 
»nd  South  Poles,  and  thenoe  extend  themselves  over  the 
earth's  surface  to  supply  carbonic  acid  to  plants  for  decompo- 
sition, and  the  oxygen,  thence  produced,  to  man.  to  animals, 
and  to  the  support  of  combustion.  It  is  owing  to  thi.s  effect 
of  the  winds,  which  depend  on  the  temperature,  and  to 
which  a great  many  other  causes  might  be  added,  that  an  in- 
timate mixture  of  the  constituents  of  the  air  is  maintained,  and 
plants  and  animals  alternately  receive  what  is  indispensable 
to  each. 

It  deserves  iiarticular  notice,  that  the  two  chief  constituents 
of  the  atmosphere — oxygen  and  nitrogen — are  not  combined 
chemically,  but  merely  mixed  together.  If  they  were  chemi- 
cally combined,  the  respiration  of  animals  would  be  impossible, 
and  the  evolution  of  oxygen  by  plants  would  not  restore  the 
atmosphere  to  its  proper  state  The  absorption,  by  the  blood, 
of  oxygen,  which  afterwards  appears  in  the  state  of  carbonic 
acid  on  the  decomposition  of  the  constituents  of  the  blood, 
must  be  considered  as  a chief  condition  of  the  respiration  of 
animals.  'This  function  would  have  been  utterly  impossible — 
the  whole  animal  kingdom  must  have  been  entirely  different 
from  what  it  is  at  present,  if  the  oxygen  and  nitrogen  of  the  air 
had  been  chemically  combined.  During  respiration,  new  com- 
pounds would  in  such  a case  have  necessarily  been  formed  in 
the  animal  organism  itself,  not  only  from  the  oxygen,  but  also 
from  the  nitrogen,  in  consequence  of  its  being  in  the  nascent 
state.  The  whole  of  the  nitrogen  of  the  atmosphere  would 
then  have  been  included  in  this  action,  whereas  it  is  now  ab 
most  wholly  excluded. 

Further,  plants,  which  can  now  restore  the  disturbed  equi- 
librium of  the  atmosphere  by  a simple  separation  of  oxygen, 
would  not  be  at  all  able  to  produce  the  necessary  comljina- 
tion,  were  the  atmosphere  a chemical  compound  of  oxygen 
and  nitrogen.  Where  the  combination  was  to  take  place,  the 
quantity  of  nitrogen  required  might  he  deficient,  and  some 
other  combination  of  oxygen  and  nitrogen  might  be  produced  ; 
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in  other  words,  a higher  degree  of  oxidation.  In  short,  if 
the  oxygen  and  nitrogen  were  chemically  combined,  then 
organic  nature  would  require  to  be  very  differently  constituted  ; 
hut  as  it  is,  the  operation  of  the  winds  is  sufficient  to  make 
the  mixture  an  intimate  and  uniform  one. 

Finally,  the  absolute  quantity  of  oxygen  and  nitrogen, 
which  the  atmosphere  now  contains,  depends  solely  on  the 
absence  of  substances  from  the  eivrth,  which  either  give  to  or 
take  from  this  quantity,  and  upon  the  quantity  originally  ap- 
propriated to  the  formation  of  the  atmosphere.  This  has  not 
been  determined  after  any  chemical  rule  or  natural  law.  But 
as  the  earth,  once  arid  and  rocky,  and  destitute  of  life,  became 
covered  with  a peculiar  vegetation — whose  residue,  coal,  for 
instance,  is  astonishing — a vegetation  possible  only  in  the  con- 
dition of  the  atmosphere  as  it  then  existed — so  the  greater 
part  also  of  the  present  vegetation  must  be  destroyed,  when 
the  constitution  of  the  atmosphere  undergoes  the  requisite 
change.  Thus,  every  being  which  now  has  life  depends  for  its 
existence  on  the  presence  of  21  per  cent  of  oxygen,  and  79  per 
cent  of  nitrogen  in  the  atmosphere.  Whenever  this  proportion 
is  materially  altered,  every  being,  now  alive  on  the  earth, 
must  die  ; and  another  series  of  plants  and  animals,  perhaps 
a different  race  of  rational  beings  also,  will  appear. 

It  is  not  known,  how  many  such  successive  changes  of 
organized  beings  have  already  happened  on  the  earth’s  surface  ; 
but  that  they  have  happened  is  established  as  a certainty. 
Ehrenberg  continues  to  make  us  acquainted  with  races  of 
minute  beings,  which  have  powerfully  contributed  to  the 
transformation  of  the  earth’s  surface,  and  of  which  the  influ- 
ence on  the  condensation  of  the  component  parts  of  the  for- 
mer atmosphere  must  have  been  not  less  important,  than  that 
of  the  gigantic  arborescent  ferns,  pines,  and  other  plants  of  the 
primitive  world,  of  which  the  remains  are  now  buried  under 
the  earth’s  surface,  but  of  which  the  organic  parts  once  be- 
longed to  the  atmosphere. 
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CHAPTER  IV. 

WATER,  CONSIDERED  IN  ITS  CONNEXION  WITH 
ORGANIC  NATURE 


While  on  the  one  side  a mixture  of  two  gases,  both  in  a state 
of  constant  change,  are  the  chief  constituents  of  the  existing 
atmosphere — on  the  other,  a chemical  combination  of  two 
Tolumes  of  hydrogen  and  one  of  oxygen,  constitutes  water, 
which  performs  a powerful  part  in  organic  nature,  and  greatly 
exceeds  the  atmospheric  air  in  quantity.  This  difference  be- 
tween two  substances,  both  equally  indispensable  to  life,  is 
of  much  importance.  From  the  constituents  of  the  atmo- 
sphere not  being  chemically  combined,  and  from  the  elements 
of  the  water  being  so  combined,  many  peculiarities  of  organic 
nature  arise.  The  elements  of  the  atmosphere,  by  their  non- 
combination, afford  plants  the  opportunity  of  restoring  the 
quantity  of  oxygen  which  was  changed  into  carbonic  acid  by 
respiration  and  combustion, — no  other  phenomenon  taking 
place  than  a simple  separation  of  oxygen. 

But  from  the  chemical  combination  of  hydrogen  and  oxygen 
in  water,  a series  of  special  consequences  follows  in  the  organic 
kingdom  It  is  a known  fact  that,  when  substances,  chemi- 
cally combined,  are  again  decomposed,  the  action  of  other 
substances  also,  which  are  contained  in  the  circle  of  action,  is 
reciprocally  awakened.  Wherever,  in  the  organic  kingdom, 
water  is  decomposed — and  this  frequently  happens — the  de- 
composition reacts  on  the  substance  from  which  the  influ- 
ence proceeded,  and  produces  important  chemical  transfor- 
mations of  all  the  substances  included  in  the  circle  of  action. 
This  chemical  action  proceeds,  as  regards  water,  from  two 
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elements,  which  are  both  chief  constituents  of  organic  bo- 
dies.. 

1°  The  first,  and  a very  important  effect  of  the  water  upon 
organized  substances,  is,  that  they  are  moistened  by  it  All 
the  organized  bodies  of  plants  and  animals  need  water  to 
keep  them  alive.  That  water  frequently  plays  a chemical 
part,  forming  hydrates  with  the  organic  compounds ; but  very 
often  also  it  acts  merely  as  a liquid,  either  to  moisten,  to 
dissolve,  or  to  keep  solid  substances  in  suspension.  We  could 
not  imagine  vitality  without  water,  or  at  least  without  some 
fluid,  which  would  be  a perfect  substitute  for  water.  The 
elements  of  such  a fluid,  therefore,  must  necessarily  be  chemi- 
cally combined  with  each  other. 

2"‘  This  moistening  water  is  indispensable,  to  keep  the  fleshy 
parts  soft,  to  enable  them  to  grow  and  be  fed.  The  procrea- 
tion of  individuals  is  accompanied  by  the  access  of  a large 
quantity  of  water ; the  germs  of  animals  freel.v  float  in  a liquid, 
that  they  may  be  able  to  move  themselves  easily,  and  by  the 
ciliar  motion  at  their  surface,  to  produce  from  the  water  a con- 
tinual renovation  of  substances  at  its  surface  For  the  same 
reason,  in  young  plants  as  well  as  in  young  animals,  whose 
development  and  growth  are  rapid,  the  amount  of  water  in 
the  solid  parts  is  also  much  greater.  Regarded  from  this 
point  of  view,  the  presence  of  water  in  the  atmosphere  is  a 
most  beautiful  contrivance,  which  has  an  intimate  connexion 
with  life.  If  the  atmosphere  were  completely  dry,  the  water 
of  organic  substances  would  quicklv  pass  off"  by  evaporation, 
many  of  them  would  be  deprived  of  it,  and  the  living  being 
must  necessarily  die  for  want  of  water. 

3°  It  is  not  less  indispensable  to  life,  as  a dissolving  and  a 
suspending  fluid.  For  it  is  only  by  the  circulation  of  a fluid 
through  the  existing  parts  of  an  organic  whole,  that  the  sup- 
port and  nourishment  of  the  whole  organism  can  be  effected  ; 
and  many  of  its  actions  rest  entirely  upon  this  procesa 
AVithout  water,  it  would  be  impossible  for  the  four  organic 
elements  to  form  the  thousands  of  combinations  which  we 
observe ; for  by  iis  intervention,  the  most  heterogeneous 
substances  are  brought  into  mutual  contact  in  the  orgjinism. 
Here  the  circulating  fluid  deposits  some  constituents,  there  it 
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takes  up  others,  making  them  produce  a new  effect  at  a 
third  place  ; — in  short,  the  existence  of  water  is  inseparable 
from  that  of  life. 

4°  The  service  performed  by  the  water  in  plants  and  in  ani- 
mals is  partly  the  same,  and  partly  different  It  is  the  same  in 
so  far  as  it  forms  hydrates  of  several  compounds ; — for  instance, 
the  hydrates  of  protein,  which  appear  in  plants  and  animals 
under  different  forms,  though  always  in  the  state  of  hydrates, 
and  those  of  mucilage,  both  of  plants  and  animals.  It  is  the 
same  in  so  far  as  it  keeps  in  suspension  small  particles,  which 
are  insoluble  in  water — such  as  the  globules  of  chlorophyle 
in  plants,  and  of  the  blood  in  animals  ; in  so  fur  as  it  car- 
ries dissolved  substances  through  all  parts  of  the  organism — 
such  as,  the  soapy  matter  of  Scheele  in  plants,  the  extractive 
substances  in  animals,  and  in  Ixtth  a series  of  salts  under 
various  forms,  and  of  diversified  composition ; and  finally,  in 
so  far  as  it  supplies  to  both  animals  and  plants  certain  sub- 
stances in  a state  of  solution  or  minute  division,  which, 
being  fitted  to  nourish,  are  indispensable  to  the  existence 
of  the  organism. 

5°  The  action  of  water  differs,  however,  in  plants  and 
animals,  chiefly  as  to  the  way  in  which  it  disappears  again 
from  the  organic  substances  ; — by  which  difference  these  two 
classes  of  beings  are  essentially  distinguished  from  each  other. 

In  the  greater  part  of  animals,  an  aqueous  fluid  is  circulated  » 
through  the  whole  structure,  and  enters  also  into  certain 
organs,  by  which  a part  of  the  substances  either  dissolved  by 
that  fluid,-  or  suspended  in  it,  are  separated  and  expelled  from 
the  body — so  that  the  latter  gets  rid  of  these  substances.  In 
plants  this  process  is  different  They  are  deficient  in  the 
organs  which  are  exclusively  destined  to  this  service,  and 
thus  retain  all  the  non-volatile  substances  which  have  ever 
entered  into  their  composition.  Exposing  a large  surface  to 
the  air,  they  lose  aqueous  vapours  through  their  leaves,  if 
the  atmosphere  can  take  up  aqueous  vapour — that  is  to  say, 
if  it  be  dry  enough  for  that  purpose,  and  if  the  hygroscopic 
power  of  the  parts  of  the  leaves  be  less  than  the  power  of  the 
w to  contain  aqueous  vapour.  Though  this  be  by  no  means 
always  the  case,  it  is,  however,  a condition  which  often  arises  ; 
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SO  that  plants,  though  not  possessed  of  jieculiar  organs,  fit  for 
the  expulsion  of  an  aqueous  fluid,  yet  lose,  in  many  states  of 
the  atmosphere,  almost  pure  water  through  their  leaves. 
This  function,  therefore,  is  wholly  diflferent  in  plants  and  in 
animals.  The  latter,  though  they  also  lose  water  through 
their  skin — both  by  exhalation  through  the  pores,  and  by 
evaporation  from  the  moist  skin,  covered  with  a thin  epider- 
mis— usually  excrete,  nevertheless,  through  peculiar  organs 
(urine-excreting  organs)  a large  _ jiortion  of  aqueous  fluid. 
The  leaves  of  plants,  being  jiossessed  of  stomata,  and  being 
besides  in  a moist  state,  lose  water  both  through  their 
stomata  and  over  their  whole  surface,  and  impart  it  to  the 
atmosphere.  As  this  water  can  differ  but  little  from  pure 
water,  much  of  the  solid  substances  contained  in  the  sap 
of  plants  must  remain  where  the  evaporation  takes  place 
— the  growth  of  young  leaves,  which  evaporate  much,  being 
thereby  materially  promoted.  There  is  thus  a growth,  an 
increase  of  mass,  in  direct  connexion  with  the  evaporation  of 
the  aqueous  fluid — that  is,  with  the  power  of  the  atmosphere 
to  absorb  water.  It  is  not  to  be  denied,  that  by  this  eva- 
poration of  the  water  through  the  leaves  and  at  the  surface 
of  plants,  the  renovation  of  the  sap  in  the  drj-ing  parts, 
and  at  the  same  time,  the  circulation  of  the  sap  in  plants  in 
general,  is  materially  supported.  The  evaiwrated  liquid 
must  be  restored,  and  besides  the  portion  of  the  solid  sub- 
stances contained  in  the  sap  of  plants,  which  this  water  leaves 
behind,  the  succeeding  portion  of  liquid  supplies  a fresh 
quantity,  which,  in  its  turn,  is  left  behind  at  the  place  of 
evaporation. 

Another  consequence  of  this  evaporation  and  circulation  is, 
that  the  asccn.sion  of  new  fluids  through  the  whole  plant  is 
promoted,  and  so  through  its  whole  mass  a new  change  of 
constituents  must  be  produced. 

6°  Pure  water  is  scarcely  ever  to  be  found  at  the  earth's  sur- 
face. Generally,  it  holds  some  saline  substances  in  solution. 
These  are  found  abundantly  in  nature,  especially  in  sea-water. 
Without  these  very  saline  substances,  animals  and  plants 
could  not  exist.  They  are  as  indispcn.«able  to  life  as  the  four 
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or;g&nic  elements  themselves.  This  connexion  is  undoubtedly 
not  an  accidental,  but  a necessary  one.  It  places  living  nature 
in  a peculiar  relation  to  the  so-called  dead  nature.  If  we 
imagine  the  organic  parts  of  the  serum  of  the  blood  sepa- 
rated from  it,  then  there  remains  a saline  solution,  which,  in 
many  respects,  approaches  in  composition  to  common  water. 
Such  coincidences  are  by  no  means  accidental,  neither  is  the 
necessity  of  common  salt  for  animal  life,  and  its  abundance 
in  the  earth,  accidental.  Besides,  not  only  in  the  serum  of  the 
blood,  and  in  common  water,  but  also  in  the  atjueous  fluid 
which  circulates  through  plants,  are  contained  the  chlorides 
of  calcium  and  magnesium,  the  carbonates  of  soda,  lime,  and 
magnesia,  and  sulphate  of  soda,  and  in  the  serum  of  the  blood, 
potash  salts,  and  phosphates  also.  The  greater  part  of  these 
salts,  essential  to  the  constitution  of  the  serum  of  the  blood, 
are  found  in  common  water,  and  also  in  the  saps  of  those 
plants  which  are  destined  for  the  nourishment  of  man  and 
animals — an  arrangement  which  establishes  an  intimate  con- 
nexion between  the  subdivisions  of  nature,  which  scientific 
writers  commonly  separate  too  much. 

By  these  salts,  undoubtedly,  an  important  part  is  played  in 
the  whole  organic  kingdom.  It  is  known  that  the  greater 
part  of  them  retard  chemical  changes  among  the  elements  of 
organic  bodies.  By  common  salt,  and  many  others  of  them, 
for  example,  meat  is  preserved  from  corruption.  Thus,  the 
first  purpose  for  which  salts  exist  in  the  organic  kingdom, 
is  undoubtedly  to  limit,  in  a greater  or  less  degree,  the 
change  of  materials,  to  modify  it  here  and  there — which 
change  would  undoubtedly  proceed  much  too  rapidly  in  the 
animal  body,  consisting  of  parts  very  susceptible  of  change 
— if  these  salts  were  wanting.  Some  of  them,  for  instance 
J the  alkaline  carbonates,  serve  to  dissolve  the  compounds 
f of  protein ; others,  for  Instance  the  phosphates  of  lime, 
supply  supports  for  the  soft  parts  (in  grasses  this  purpose 
is  served  by  silica),  and  form  chemical  compounds  with 
roany  organic  substances  ; at  the  same  time,  from  these  and 
from  the  sulphates  is  derived  the  phosphorus  and  sulphur  by 
which,  in  certain  combinations,  the  organic  substances  are  ac- 
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companied.  Finally,  the  oxide  of  iron,  present  in  the  ash  of 
plants,  must  be  dissolved  in  water  before  it  can  be  taken  up  by 
plants,  which  convey  it  to  animals,  solely  in  order  that,  through 
the  influence  of  the  same  de-oxidizing  circumstances  in  the 
organism  of  animals,  it  may  enter  as  an  organic  element  into 
the  colouring  matter  of  the  blood,  in  the  same  way  as  phos- 
phorus and  sulphur  do  into  many  protein  compounds. 

All  the  salts,  soluble  in  water,  which  are  not  fixed  in  the 
animal  body,  or  whose  constituents  are  not  combined  there, 
are  necessarily  carried  away  in  the  urine.  We  cannot  ima- 
gine any  reason  why  they  should  be  retained  in  the  kidneys, 
since  they  occur  dissolved  in  the  serum,  and  are  also  soluble 
in  urine,  which  is  an  aqueous  liquid.  These  salts  must,  there- 
fore, be  continually,  and  to  the  same  amount,  supplied  from 
without.  Except  common  salt,  they  are  sufficiently  abundant 
either  in  animal  or  vegetable  food,  or  in  common  water,  to 
restore  what  has  been  lost.  Man  requires  common  salt,  in 
addition  to  these,  and  knows,  even  in  the  most  uncivilized 
state,  how  to  appropriate  it,  and  so  to  satisfy  this  want  of  his 
body. 

7°  The  light  in  which  water  exhibits  Itself  is  j>ecnliarly  strik- 
ing, when  we  consider,  that  this  fluid  is  the  medium  in  which 
a countless  multitude  of  plants  and  animals  live,  find  food, 
die,  and  putrefy  ; and  that  the  substances  they  leave  behind 
serve  for  the  production,  growth,  and  sustenance  of  new  or- 
ganised l>cing8,  in  the  same  manner  as  the  atmospheric  air 
and  the  soil  together  do,  for  plants  and  animals  which  are  said 
to  live  in  the  air. 

^lore  than  two-thirds  of  the  surface  of  our  planet  are  co- 
vered with  water.  In  that  amazingly  extended  mass,  multi- 
tudes of  peculiar  beings  live.  Tlie  solid  part  of  the  earth 
is  besides  interseejed  and  diversified,  in  every  direction,  with 
rivers  and  other  bodies  of  water,  in  each  of  which  plants  and 
animals  live.  Being  concealed  from  the  eye  by  the  surface 
of  the  water,  and  less  accessible  than  subsUinces  on  the  dry 
land,  they  are  less  captivating  in  apj>earunce,  and  attract, 
in  an  inferior  degree,  the  attention  of  the  natural  philosojiher. 
This  world,  however,  deserves  to  be  accurately  known.  Who 
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Would  venture  to  determine,  whether  the  number  of  organized 
beings,  living  in  the  water,  or  in  the  atmosphere,  is  the 
greater  ? 

8°  By  the  great  mobility  of  organic  substances  dissolved  in 
fluids,  their  displacement  and  their  union  are  in  the  highest 
degree  promoted.  In  infusions  of  vegetable  and  animal  sub- 
stances, small  animalcules,  which  thence  derive  their  generic 
name  of  Infusoria,  are  easily  produced.  Their  existence, 
commonly,  is  of  short  duration,  as  they  devour  each  other, 
and  disappear,  while  their  substance  serves  to  produce  new 
individuals  and  new  forms,  and  is  converted  into  infusorial 
plants,  which,  in  their  turn,  disappear,  and  make  room  for 
others.  In  every  kind  of  stagnant  water,  in  marshes  and 
ditches,  wherever  they  are  found  on  the  earth’s  surface,  simi- 
lar metamorphoses  of  small  organized  beings  occur.  Their 
production  is  promoted  by  the  stillness  of  the  mass  of  water  ; 
hence  they  are  not  so  frequently  found  either  in  rivers,  or  in 
more  extended  collections  of  water,  or  in  inland  seas.  The 
innumerable  multitudes  of  small  organized  beings  in  marshy 
waters,  derive  their  birth  and  existence  from  organic  sub- 
stances present  in  those  waters  The  organized  beings  there 
produced  vary  with  the  nature  of  the  water  itself,  the  cir- 
cumstances to  which  it  is  exposed,  and  the  stibstances  with 
which  it  is  mixed.  Previous  to  the  existence  of  our  present 
plants  and  animals,  similar  Infusoria  existed  in  innumerable 
multitudes : perhaps  they  have  contributed  to  condense  the 
component  parts  of  the  former  atmosphere. 

9°  There  subsists  an  intimate  mutual  connexion  between  the 
atmosphere  and  a limited  portion  of  water.  Wherever  and 
in  whatever  way  a small  quantity  of  water  is  prevented  from 
escaping  into  the  ground,  if  it  be  exposed  to  the  atmosphere, 
such  an  accumulation  of  organic  substances  takes  place,  that 
the  shallow  body  of  water  becomes  at  last  wholly  filled  up. 
The  distribution  of  seed  causes  plants  to  spring  up  within  it, 
which — finding  abundant  food  in  the  organic  substances  which 
have  l)een  produced  from  the  constituents  of  the  atmosp>here, 
and  deposited  there,  altered  by  infusorial  animals  and  plants, 
putrefied,  changed  into  humic  acid,  apocrenic  acid,  &c., — grow 
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there  luxuriantly,  raise  their  leaves  beyond  the  water,  drink 
in  carbonic  acid  from  the  atmosphere,  retain  the  carbon,  and 
restore  the  oxygen.  Every  shallow  mass  of  water  is  thus  gra- 
dually filled  up  with  peaty  soil.  In  ponds  and  ditches  thi.s 
happens  every  year,  so  that  they  require  to  be  widened  and 
deepened,  otherwise  they'  would  soon  disappear.  (Wiegmanu, 
Entstehung  des  Torfs.) 

We  therefore  ob.serve  an  intimate  relation  between  the  at- 
mosphere and  the  water.  All  the  particles  from  the  atmo- 
sphere which  are  wiished  down  by  the  rains,  are  taken  up  by 
the  water  into  which  the  rains  fall.  The  great  variety  of 
substances  diffused  through  the  atmosphere,  being  mixed 
with  the  water,  are  gradually  decomposed  in  it,  and  at  last 
substances  are  produced  similar  to  those  which  appear  in  the 
soil.  (See  Chapter  V.) 

Hence,  in  every  confined  mass  of  water  the  same  substances 
are  present  as  in  the  soil,  and  consequently,  the  plants  living 
there  are  surrounded  by  a diluted  solution  of  inorganic  and 
organic  salts,  which  are  more  or  less  the  same  with  those  of  the 
soil.  The  water  of  ditches  is  coloured  by  apocrenates,  and  from 
these  is  derived  an  abundant  supply'  of  organic  food,  to  be  taken 
up  by  the  roots  of  plants,  which  in  great  numbers  are  float- 
ing in  the  water. 

In  the  great  ocean  an  immense  number  of  plants  grow. 
Besides  the  sea-weeds  and  other  water-plants  with  which  the 
shores  are  covered,  the  vast  quantities  of  the  Sargassum 
Columbi,  which  float  on  the  sea  like  the  weeds  on  the  surface 
of  our  ditches,  are  for  this  reason  remarkable.  This  plant 
feeds  on  the  organic  substances  of  the  sea-water,  of  which 
substances  the  water  contains  so  great  a quantity,  that  it  has 
always  a yellowish  colour,  and  leaves  behind  a coloured  mass 
of  salt  after  evaporation.  In  those  large  masses  of  water 
where  gigantic  animals  live,  where  their  excrements  are  dif- 
fused, and  their  dead  bodies  putrefy’,  an  amazing  quantity  of 
organic  substances  is  accumulated,  and  for  the  greater  part 
dissolved,  or  diffused  in  a state  of  minute  division. 

It  is  certain,  also,  that  by  these  water-plants,  a relation  be- 
tween the  water  and  the  atmosphere  is  established.  When 
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groving.  all  the  green  plants  give  off  oxygen,  which  is  dif- 
fiised  through  the  water,  and,  by  its  intervention,  partly 
throngh  the  atmosphere. 

By  the  continual  evaporation  of  almost  pure  water  from 
the  ocean,  by  the  anti-putrescent  power  of  the  salts  in  sea- 
water, and  by  the  continual  supply  of  organic  substances, 
carried  by  the  rivers  into  the  ocean, — the  quantity  of  organic 
substances  in  the  soil  must  necessarily  be  diminished,  and  con- 
sequently the  quantity  of  food  for  the  oiganized  beings  in  the 
ocean,  and  at  the  same  time  their  very  number,  must  be  in- 
creased. Thus  we  observe  a tendency  to  enlarge  that  multi- 
tude of  living  beings  in  the  ocean. 

We  have  seen,  that  oxygen  is  given  off  by  plants  in  stagnant 
waters,  as  far  as  they  possess  green  parts.  From  this  fact,  and 
from  the  property  which  the  water  possesses,  of  absorbing 
oxygen  more  easily  than  nitrogen,  we  are  forced  to  conclude, 
that  the  proportion  of  oxygen  in  the  air  which  is  dissolved 
in  water,  is  greater  than  in  that  of  the  atmosphere.  This  was 
first  observed  in  the  water  of  the  Seine,  by  von  Humboldt 
and  Gay  Lussac,  and  it  has  been  ascertained  by  others,  in  re- 
ference to  every  kind  of  water,  not  containing  an  abundance 
of  organic  putrefying  substances.  Instead  of  21  per  cent, 
we  find  28  to  32  per  cent  of  oxygen  in  this  air,  dissolved  by 
water.  Hence  the  fishes  are  supplied  more  readily  with  oxy- 
gen,— the  water  thus  impregnated  flowing  along  the  ramifica- 
tions of  the  blood-vessels  in  the  gills,  and  the  carbonic  acid, 
which  at  the  same  time  is  given  off,  being  dissolved  by  the 
water.  This  carbonic  acid  is  a food  for  plants,  and  thus  in 
the  water  almost  the  same  succession  of  changes  takes  place 
as  in  the  atmosphere,  namely,  that  oxygen  is  supplied  to 
animals  by  plants,  and  carbonic  acid  to  plants  by  animals. 

It  is  well  knowm,  that  by  the  plants  which  live  upon  the 
earth’s  surface  and  in  the  atmosphere,  those  organic  substances 
are  prepared,  of  which  the  bodies  of  animals  are  composed 
—for  though  some  animals  are  carnivorous,  yet  the  animal 
food  they  eat  obtained  its  first  existence  from  vegetable  food. 
Such  a process,  however,  does  not  take  place  in  all  the  ani- 
mals which  live  in  water.  First,  there  is  an  infinite  num^ 
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ber  of  smaller  animals, — most  of  the  Infusoria,  for  instance, 
which  owo  their  production,  growth,  and  increase  to  orga- 
nic substances,  either  diffused  through  the  water  or  dis- 
solved in  it,  as  is  the  case  with  plants  of  the  lowest  orders, 
such  as  moulds.  It  appears,  besides,  that  some  aquatic  ani- 
mals, of  larger  size,  possess  other  sources  of  nourishment  than 
those  from  which  the  food  of  the  larger  land  animals  is  de- 
rived. For  we  see  that  many  of  them,  for  a considerable 
time,  live,  increase,  and  grow,  in  a small  enclosed  quantity 
of  river-water,  provided  only  it  be  gradually  renewed  by 
fresh  river-water.  It  may  be  that  they  can  be  satisfied  with 
little  food,  but  whence  do  they  derive  that  small  quantity  ? 
Whence,  if  not  from  substances  similar  to  those  on  which 
plants  subsist — from  organic  substances  in  a state  either  of 
minute  division  or  of  solution,  of  which  a small  portion  is  pre- 
sent in  the  river-water.  A familiar  example  of  this  kind  we 
have  in  the  common  leech. 

On  this  point,  therefore,  considerable  obscurity  still  in- 
volves the  economy  of  those  animals  that  live  in  the  water, 
which  science  is  as  yet  unable  to  clear  up.  And  though, 
among  these  animals,  there  are  some  herbivorous  and  others 
carnivorous,  it  is  more  than  probable  that  many,  like  plants, 
can  change  organic  substances,  when  minutely  divided,  into 
food.  Perhaps  from  these  organic  substances  Infusoria  are 
formed  in  the  first  instance;  then  the  larger-sized  animals 
devour  these,  and  so  are  nourished  in  the  same  manner  as 
land  animals  are,  upon  vegetable  and  animal  food. 
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CHAPTER  V. 

RELATION  OF  THE  SOIL  TO  ORGANIC  NATURE 

Feom  what  has  been  already  stated,  it  is  obvious  that  the 
black  matter  of  the  soil,  with  which  the  earth  is  covered — to 
the  depth,  in  many  places,  of  several  feet,  in  others  of  a few 
inches,  but  which  is  often  also  entirely  wanting — is  the  pro- 
duction of  plants  and  animals.  In  fact,  we  perceive  the 
formation  of  substances,  similar  to  those  of  which  its  chief 
constituents  are  made  up,  from  the  products  of  the  decomposi- 
tion of  organized  beings,  and  we  do  not  see  it  formed  in  any 
other  way.  We  are,  therefore,  sufficiently  entitled  to  assume, 
that  these  substances,  wherever  they  are  present  in  the 
earth’s  crust,  have  always  been  produced  by  the  conden- 
sation of  substances  from  the  atmosphere  through  the  inter- 
vention of  animals  and  plants.  There  are  other  considerations, 
also,  which  lead  to  the  same  conclusion.  Thus  where  neither 
plants  nor  animals  exist,  this  black  soil  is  not  to  be  found  ; 
and  on  the  other  hand,  where  plants  and  animals  exist  in 
abundance,  its  quantity  is  materially  increased.  It  is  thus 
augmented  by  the  plants  which  grow  upon  our  dry  heaths, 
and  which,  in  reality,  contribute,  in  a considerable  degree,  to 
the  elevation  of  the  ground.  The  water-pools,  also,  of  the 
Old  Netherlands,  which  in  former  times  were  at  some  periods 
of  the  year  40  or  60  feet  deep,  and  of  which  a great  part  of 
the  lower  districts  of  the  country  consisted,  have  been  filled 
up,  and  changed  into  habitable  ground,  by  means  of  other 
races  of  plants  and  their  decomposed  remains. 

The  black  layer  of  soil,  so  far  as  it  contains  organic  sub- 
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stances,  in  whatever  part  of  the  earth  we  suppose  it  to  exist 
without  the  interference  of  art,  has  therefore  been  produced 
by  substances  which  were  condensed  from,  and  at  one  time 
formed  part  of,  tlie  atmosphere.  It  constitutes  an  interme- 
diate link  between  the  atmosphere  on  the  one  hand,  and 
plants  and  animals  on  the  other.  Were  we  to  adopt  the  prac- 
tice now  generally  followed,  of  calling  water,  carbonic  acid, 
ammonia,  oxygen,  and  nitrogen,  inorganic  substances — a 
practice,  however,  which  I consider  inconsistent  with  ac- 
curacy and  propriety — then  surely  we  could  not  attribute  the 
formation  of  the  black  matter  of  the  soil  to  anything  but  the 
so-called  organic  substances.  Its  elements  are  combined  in 
the  same  way  as  cellular  fibre,  starch,  gum,  and  sugar — as 
every  other  organic  substance.  From  this  point,  undoubtedly, 
proceed  the  first  and  sustaining  causes  of  the  movements  to 
which  the  molecules  in  plants  and  in  animals  are  subjected. 
The  change  of  constitution,  which  takes  place  in  its  elements, 
is  unquestionably  transferred  to  the  plants,  which  require  a 
larger  or  smaller  portion  of  it  to  be  supplied  to  their  roots  for 
their  luxuriant  growth ; and  the  same  molecular  motion  passes 
afterwards  from  plants  to  animals.  The  soil,  therefore,  is,  as 
I have  said,  an  intermediate  substance  between  the  atmosphere 
on  the  one  hand,  and  plants  and  animals  on  the  other,  through 
which  that  peculiar  circle  of  chemical  action,  usually  called 
organic  action,  is  kept  up.  Some  plants,  it  is  true,  may  grow 
without  soil ; but  it  is  also  true,  that  almost  all  existing  plants 
require  to  be  fixed  in  the  soil  for  their  vigorous  growth ; and 
though  their  growth  may  not  be  in  proportion  to  the  amount  of 
organic  substances  in  the  soil,  still,  a certain  quantity  of  them 
appears  to  be  required  for  the  growth  of  many  plants, — a fact 
well  known  to  every  one  at  all  acquainted  with  horticulture. 
Hence,  undoubtedly,  carbonate  of  ammonia  alone  is  not  an 
adequate  food  for  plants  in  general,  though  it  may  be  the 
only  food  of  some,  if  in  certain  circumstances  it  be  supplied 
to  them  by  the  soil. ' The  continual  decomposition  of  the 
substances  in  the  soil  is  thus  a principal  cause  of  the  mole- 
cules in  plants  being  put  in  motion — a motion  which  is 
transferred  by  them  to  animals.  Without  this  continual 
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decomposition  of  substances  in  the  soil,  many  plants  which 
now  exist  would  disappear  from  the  earth  This  continual 
decomposition,  therefore,  is  a service  performed  by  the  black 
soil,  which  is  altogether  different  from  what  is  called  the  sup- 
flping  of  food  to  plants. 

The  earth,  which  at  first  was  surrounded  by  a mere  atmo- 
sphere, and  had  nothing  but  rocks  and  water — and  not 
even  these  at  the  very  beginning — on  its  surface  ; which  was 
a dead  and  arid  mass,  covered  with  fogs,  and  studded  with 
volcanoes  and  lofty  rocks,  has  been  exposed  to  a great  num- 
ber of  alterations  on  its  surface.  Soon  after  the  water  had 
been  condensed,  the  influence  of  air,  light,  and  moisture 
made  its  rocks  crumble  down  and  decay,  the  winds  dispersing 
their  debrin,  the  water  carrying  them  aw'ay,  frc.,  by  which 
processes  the  angular  parts  of  the  earth’s  surface  would  ne- 
cessarily Ijecome  rounded.  In  this  manner,  the  exterior  crust 
of  the  earth  has  been  covered  with  many  pulverised  or  granu- 
lar substances.  These  must  be  a mixture  of  the  fragments  of 
those  rocks  which  were  most  elevated  above  the  earth’s  sur- 
face, and  therefore,  of  silica,  of  salts  of  lime,  magnesia,  soda, 
and  potash,  and  of  alumina,  oxide  of  iron,  and  oxide  of 
manganese,  combined  w ith  the  acids  of  the  same  salts — with 
carbonic  acid,  sulphuric  acid,  phosphoric  acid,  and  chlorine. 
In  different  parts  of  the  earth,  this  external,  decayed,  pow- 
dery substance  must  be  different, — no  sufficient  cause  in  most 
cases  existing  to  move  it  far  from  the  place  where  it  was  first 
formed.  From  the  heights,  from  the  mountains,  or  rocks 
themselves,  they  must  have  been  carried  down  to  the  lower 
districts  in  the  neighbourhood ; but  there  they  must  have  re- 
mained, until  carried  forth  elsewhere  by  powerful  revolutions. 
Hence  the  difference  of  the  inorganic  substances  on  the 
earth’s  surface, — a difference  dependent  on  the  nature  of  the 
rocks,  the  decaying  surface  of  which  was  crumbled  dowm 
This  decay  is  still  going  on,  and  the  surface  of  the  globe, 
originally  angular,  has  been  gradually  rounded  ; the  crumbled 
rocks  are  still  widely  dispersed  by  winds  and  streams,  and  Ijy 
them  the  depths  and  valleys  of  the  earth’s  surface  arc  filled  up. 
The  high  mountains,  covered  with  eternal  snow  and  ice,  will 
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follow  at  the  last  After  their  bases  have  been  worn  down 
and  undermined  by  the  action  of  water,  they,  in  their  turn, 
being  overthrown  and  transported  into  the  lower  parts  of 
the  atmosphere,  will  be  subjected  to  the  ordinary  influences 
which  tend  to  round  the  earth,  and  will  be  finally  broken 
to  pieces  and  levelled. 

Of  these  decaying  rocks,  some  are  very  well  known,  namely, 
those  from  which  clay  originated — that  very  generally  difinsed 
substance,  which  is  so  valuable  for  the  growth  of  plants. 
This  clay  is  produced  from  feldspar,  albite,  and  porcelain  spar. 

Feldspar,  ...  KO,  Si03  + A1208,  3(Si03) 

Albite,  ...  NaO,  Si03  + A1203,  3(Si03) 

Porcelain  spar,  NaO,  Si03  + A1203,  Si03  + 3(Ca0)  2(Si03) 
+ 2(A120*,  Si03) 

From  these  silicates  of  potash,  soda,  lime,  and  alumina,  while 
decaying — that  is,  while  influenced  by  the  action  of  water  and 
carbonic  acid — part  of  the  silica,  together  with  the  potash  or 
soda,  is  washed  away  by  the  rains,  and  silicate  of  alumina,  free 
silica,  as  well  as  undecomposed  feldspar,  albite,  or  porcelain 
spar,  mixed  together  as  clay,  in  the  state  of  a fine  powder,  are 
carried  down  to  the  rivers  or  valleys,  by  the  rains  or  melted 
snows. 

It  is  chiefly  the  feldspar,  so  generally  diffused,  which  is 
of  importance  here.  Together  with  silicate  of  alumina, 
quartz,  mica,  free  silica,  free  alumina,  a little  chalk,  and 
oxide  of  iron,  &c.,  it  may  be  considered  as  mainly  constitut- 
ing common  clay — mixed,  however,  with  a great  many  other 
substances,  which  are  met  with  by  the  clay  in  its  course,  and 
while  it  is  suspended  in  the  water.  The  part  of  these  rocks, 
which,  on  their  crumbling  down,  becomes  soluble  in  water, 
supplies  the  salts  of  the  common  river-water. 

The  inorganic  constituents  of  the  arable  soil  have  an  un- 
limited influence  upon  the  organic  kingdom.  Animals  obtain 
their  inorganic  constituents  partly  from  the  water  they  con- 
sume— by  which  they  have  been  washed  out  and  taken  up 
from  the  decayed  rocks, — and  partly  from  plants,  which  again 
extract  their  inorganic  constituents  from  the  earth’s  crust. 
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Hence,  we  perceive  an  intimate  connection  between  the 
organic  kingdom,  and  the  composition  of  the  upper  layers  of 
the  earth’s  surface. 

We  cannot  here  present  a complete  view  of  the  nature  of 
those  sub.stances  ; a few  remarks,  therefore,  must  suffice. 

Everything  on  the  earth’s  surface,  which  is  exposed  to  the 
influence  of  air,  water,  light,  and  heat,  loses  its  cohesion,  and 
crumbles  down  more  or  less.  This  is  what  we  call  decay. 

If  the  decaying  rocks  are  destitute  of  what  are  more  pro- 
perly called  metallic  oxides,  such  as  fhose  of  lead,  copper, 
kc. ; but,  on  the  other  hand,  contain  compounds  of  silica, 
alumina,  and  oxide  of  iron,  mixed  with  salts  of  potash,  lime, 
magnesia,  kc.,  they  then  may  favour  vegetation.  The  gro^vth 
of  certain  groups  of  plants  may  be  promoted  by  such  decayed 
minerals  as  contain  what  those  groups  require  ; the  growth 
of  other  groups  by  the  constituents  of  other  rocks. 

It  is.  therefore,  of  the  highest  importance  to  become  ac- 
quainted with  these  decayed  rocks,  which  exist  almost  every 
where  on  the  earth’s  surface.  Those  pulverised  substances 
are  but  seldom  found  on  the  spot  where  they  originated. 
They  are  carried  along  with  the  water,  floating  doivn  from 
elevated  places.  Hence,  It  is  often  very  difficult  to  indicate 
their  origin  witli  accuracy  ; for  this  reason,  also,  they  are 
generally  mixtures  of  various  decayed  rocks. 

It  is  clear  that  the  products  of  decay  must  vary  with  the 
nature  of  the  minerals  from  which  they  are  derived.  But 
when  silicates,  however  composed,  are  acted  upon  by  moist 
air  and  carbonic  acid,  the  silica  is  separated,  and  carbonates 
are  produced. 

This  is  the  case,  not  only  with  the  generally  diffused  feld- 
spar almve  mentioned,  but  also  with  clay-slate,  basalt,  por- 
phyry, and  many  other  minerals  of  frequent  occtirrcnce. 
Along  with  the  silicates  of  alumina,  pota.sh,  soda,  and  lime 
found  in  feldspar,  the  silicates  of  iron  and  manganese  are 
also  present.  When  these  silicates  decompose,  the  bases  are 
converted  into  carbonates,  and  silica  and  alumina  are  sepa- 
rated. This  applies  to  all  the  silicates  which  are  soluble  in 
water  But  even  upon  those  which  are  insoluble  in  water 
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the  same  decomposing  action  is  exerted  by  moist  carbonic 
acid,  and  so  they  fall  to  a powder,  which  becomes  the  basis 
of  the  vegetable  world.  From  this  basis  water  takes  what 
is  soluble,  and  in  that  state  supplies  it  to  plants. 

The  silica  which  has  been  separated  is  in  part  taken  up 
by  certain  salts,  which  are  soluble  in  water  ; namely,  by  the 
alkaline  carbonates.  Through  their  means  it  is  held  in  solu- 
tion by  all  water,  both  upon  and  within  the  earth’s  suriace, 
and  is  thus  conveyed  into  the  roots  of  plants. 

All  these  mixed  silicates  of  alumina,  lime,  potash,  soda,  and 
oxide  of  iron,  produce  fertile  soils.  Not  only  have  they  the 
property  of  absorbing  and  holding  water,  but  they  commonly 
retain  also  a large  quantity  of  alkali, — especially  if  the  origi- 
nal mineral  is  not  entirely  decayed, — which  alkali  they  sup- 
ply to  plants. 

I will  select,  as  examples,  three  specimens  of  clay  from  one 
coimtry  (the  Netherlands),  taken  from  the  Zuiderzee,  ana- 
lysed by  E.  H.  von  Baumhauer : — 


First. 

Second. 

Third. 

Ineoluble  qiuurtzoee  sand,  with  alomina 

^ 67.W6 

61.706 

66.372 

and  silica,  

Soluble  silica, 

2.340 

2.496 

2.286 

Alumina, 

1.830 

2.900 

2.888 

Peroxide  of  iron, 

9.039 

10.306 

11.864 

Protoxide  of  iron, 

0.350 

0.563 

0.200 

Protoxide  of  manganese,  

0.283 

0.354 

0.284 

Lime,  

4.092 

5.096 

2.480 

Magnesia,  

0.130 

0.140 

0.128 

Potash,  

1.026 

1.430 

1.521 

Soda,  

1.972 

2.069 

1.937 

Ammonia,  

0.060 

0.078  ' 

0.075 

Phosphoric  acid,  ...  ! 

0.466 

0.324 

0.478 

Sulphuric  acid,  

0.896 

1.104 

0.576 

Carbonic  acid,  

6.086 

6.940 

4.776 

Chlorine,  

1.240 

1.302 

1.418 

Humic  acid,  

2.798 

3.991 

3.428 

Crenic  acid,  

0.771 

0.731 

0.037 

Apocronic  acid,  

0.107 

0.160 

0.152 

Humin,  ratable  remains,  and  water 

1 8.324 

7,700 

9.348 

chemically  combined,  

Wax  and  resin,  

trace 

trace 

trace 

Loss,  

0.642 

0.611 

0.768 

100.000 

100.000 

100.000 
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On  considering  the  constituents  of  these  clays,  it  will  be 
clearly  seen,  how  valuable  they  are  for  the  growth  of  plants, 
and  how  many  substances — which  are  really  constituents  of 
plants — are  contained  in  them.  This  clay,  like  all  the  other 

species  in  Holland,  derives  its  origin  from  the  Rhine  coun- 
tries, and  is  thus  a product  of  decayed  rocks. 

The  sulphuric  acid  which  it  contains  is  derived  from  decom- 
posed sulphurets ; the  phosphoric  acid  from  apatite  (phos- 
phate of  lime),  a mineral  which  very  frequently  occurs.  These 
two  constituents  must  be  present  in  every  fertile  soil. 

Of  an  entirely  opposite  kind  to  these  arc  our  sandy  soils,  in 
which  the  chief  part  is  quartzose  sand.  From  this  substance, 
water  dissolves  nothing — acids  hardly  anything.  Unless, 
therefore,  they  are  artificially  mixed  with  the  substances  which 
are  indispensable  to  the  growth  of  plants,  they  are  wholly 
unfit  for  this  purpose.* 

Some  of  the  lands,  reclaimed  by  dykes,  in  the  province  of 
Groningen,  have  not  as  yet  been  in  want  of  any  additional 
alkaline  salts ; — while,  on  the  contrary,  the  barren  sandy 
soils  in  the  neighbouring  provinces  require  to  be  repeatedly 
supplied  with  ash  from  plants,  to  give  to  new  plants  that 
of  which  the  old  had  exhausted  the  soiL'f" 

We  think  it  fit  to  conclude  this  exposition  by  a brief  enu- 
meration of  some  principal  rocks,  whose  decay  has  given  rise 
to  the  formation  of  soil. 

Quartz-rockt. — To  these  belong  rock-crystal,  common 
quartz,  flinty  slate  (quartz,  with  alumina,  lime,  and  oxide  of 

* This  is  so  fiir  true ; and  yet  these  quartz  sands,  from  which  water,  and  even 
boiling  acids  extract  nothing,  do  still  contain  small  quantities  of  those  bases, 
bne,  magnesia,  potash,  Ac.,  which  plants  require.  Seeds  sown  in  them  sprout, 
sad  their  roots  extract  from  the  sand  a portion  of  these  liases,  though  not 
enough  in  general  to  enable  them  to  grow  in  a healthy  manner,  and  to  ripen 
their  leeds.  But  these  first  races  die ; those  which  succeed  find  a portion  of 
the  work  of  extraction  already  performed, — they,  therefore,  grow  better,  and 
their  niceessors  better  still ; and  thus  a thick  herbage  at  last  covers  the  loose, 
ind  apparently  barren  ground.  This  fact  is  encouraging  to  the  husbandman, 
it  ihowa  the  existence  of  a power,  so  to  speak,  in  the  roots  of  plants,  which 
we  ihoold  not  have  expected,  and  a latent  capability  in  soils  which  we  are  apt 
to  pronounce  hopelessly  barren.  See  Wiegman  and  Polstorff,  Utbtr  dUAnor- 
BatandtheiU  der  Pflanzen,  p.  32. — J. 

t See  further : Sprengel's  Bodenkunde. 
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iron),  flint*  (quartz,  with  alumina,  lime,  and  oxide  of  iron), 
sandstone,  and  sand. 

Felhixir-rocks. — To  these  belong  granite,  which  contains 
quartz,  mica,  and  feldspar  ;f  gneiss,  in  which  feldspar,  quartz, 
and  mica  are  contained,  so  as  to  make  its  composition  allied  to 
that  of  granite  ; compact  feldspar,  which  constitutes  the  chief 
part  of  clinkstone, and  feldspar-porphyry  or  keratite  (silica 
and  alumina,  combined  with  potash,  soda,  lime,  magnesia, 
oxide  of  iron,  and  oxide  of  manganese).  They  contain,  as 
occasional  mixtures,  sulphuret  of  iron,  hornblende,  and  mica  ; 
trachyte  § (silica,  alumina,  potash,  and  oxide  of  iron)  ; pearl- 
6tone|l  (alumina,  silica,  oxide  of  iron,  potash,  and  lime)  ; and 


• Flint. 

Klaproth. 

Silica, 

98.00 

Alumina, 

0.25 

Lime, 

0.50 

• Oxide  of  iron, 

0.25 

. 

Water  and  volatile  matter. 

1 

Berzelius  lias  more  recently  found,  that  flints  contain  a small  per  centage  of 

potash. — J . 

+ Common  Fddfjmr. 

Vauquelin. 

Bertbier. 

Siliea,  

...  64 

64.20 

Alumina, 

...  20 

18.40 

Potash, 

...  14 

16.95 

Lime,  

...  2 

0.00 

J In  Clinkstone  has  been  found  as  much  as  8 per  cent,  of  potash,  9 per  cent. 

of  soda,  and  per  cent,  of  lime. 
§ According  to  Bcrthier. 

From  Puy  <le  Dome.  From  Pertuie. 

Silica, 

...  65.5 

61.0 

Alumina,  

...  20.0 

19.2 

Potash,  

...  9.1 

11.8 

Lime, 

...  2.2 

0.0 

Magnesia, 

...  0.0 

1.6 

Oxide  of  iron,  ...  . 

...  3.0 

4.2 

Water 

II  Pearlstone,  from  Tokay. 

...  0.0 

Klaproth. 

2.0 

Silica,  . . . 



...  72.25 

Alumina, 
Potash,  ... 

...  12.00 

1 

Soda, 

j-  4.50 

Lime,  ... 

...  0.50 

Oxide  of  iron 



...  1.60 

Water,  ... 

...  4.50 
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pumice*  (silica,  alumina,  soda,  potash,  oxide  of  iron,  and 
oxide  of  manganese). 

Mica-rocki. — To  these  belong  mica-slate,  consisting  of 
quartz  and  mica,-f'  (mica  is  either  potash,  magnesia,  or  lithia 
mica,  and  contains,  in  combination  with  one  of  these  bases, 
silica,  alumina,  oxide  of  iron,  oxide  of  manganese,  hydro- 
fluoric and  phosphoric  acids) ; chlorite-slate  (alumina,  oxide 
of  iron,  silica,"  lime,  magnesia)  ; and  lime-slate. 

Hornblende-rwJcs. — To  this  class  belong  hornblende^  (mag- 
nesia, lime,  silica,  alumina,  protoxide  of  iron,  and  manganese)  ; 
and  greenstone§  (a  mixture  of  hornblende  and  labradorite). 


* Pumice. 

Silica, 

Alumina,  ... 
Oxide  of  iron, 
Soda, 

Potash, 

Lime, 

Water, 

t Jfteo. 

Potash-mica. 

Bose. 

Silica,  47.50 

Alumina,  ...  37.20 

Oxide  of  Iron,  3.20 
Oxide  of  manganese,  0.90 

Potash,  9.60 

Magnesia,  — 

Oxide  of  lithium,  — 
Hydrofluoric  acid,  0.56 
Phosphoric  acid,  — 
Water 2.63 


Berthier. 

70.0 

. ...  16.0 

. ...  0.6 

I 6.5 
. ..  2.5 

. ...  3.0 


Magnesia-mica. 

Lithia-mica. 

Klaproth. 

Omelin. 

42.50 

49.060 

11.60 

33.611 

22.00 

— 

2.00 

1.420 

10.00 

4.186 

9.00 

0.408 

— 

3.594 

— 

3.445 

— 

0.112 

1.00 

4.184 

X Hornblende,  free  from  alumina,  consist*  of — 

CaO,  SiCP-l-SMgO,  2SiO>  (Tremolite). 
FeO,  SiO’-pSMgO,  2810*  (Anthophyllite). 
Or — IfaO,  8iO*-l-3FeO,  2SiO’ (Arfvedsonite). 
Hornblende,  with  alumina,  consist*  of — 

CaFl-t-5(CaO,  SiO>-t-3MgO,  23iO*). 


i Qrttnelone. 


Silica,  

Alumina, 

Oxide  of  iron,  ... 


Beudant. 
...  63.3 
...  14.2 
...  5.8 


r 
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The  formula  of  labradorite  is,  according  to  the  analysis  of 
Klaproth,  calculated  by  Berzelius : — 

(NaOSiOS  + A1208Si03)  + 3(CaO,  SiQS  + A120SSi02). 

Serpentine-rocks,  to  which  belong  serpentine*  (magnesia, 
silica,  lime,  oxide  of  cerium,  oxide  of  iron). 

Augite-rocks,  to  which  belong  basalt,  being  an  intimate 
mixture  of  augite,  labradorite,  or  feldspar,  and  protoxide  of 
iron.  The  whole  basalt  f consists  of  silica,  alumina,  oxide  of 
iron,  oxide  of  manganese,  lime,  and  magnesia,  with  soda, 
or  potash.  The  composition  of  dolerite  nearly  approximates 
to  that  of  basalt 

Alumina-rocks,  to  which  belong  alumina-slate  (silica,  alu- 
mina, lime,  magnesia,  oxide  of  iron)  ; often  also  potash,  soda, 
gypsum,  and  common  salt. 

Lime-rocks,  of  which  the  chief  constituent  is  carbonate  of 
lime. 

Gypsum,  or  sulphate  of  lime 

Iron,  oxidulated  iron,  magnetic  oxide  of  iron,  iron-slate. 

We  perceive  that  the  substances  above  enumerated,  and 
which  after  their  decay  cover  so  large  a portion  of  the  earth's 


Lime, 

2.5 

Magnesia, 



. 2.0 

Potash, 

1.2 

Soda, 

. 1.2 

Water, 



0.3 

* Serpentine,  after  Mosandcr  and  Ljchnell. 


3MgO,  2HO  + 2(8MgO,  2SiO«). 


+ Banalt,  from  Stettin  in  Hoegan. 


Silica,  

Alumina,  

Oxide  of  manganese, 
Oxide  of  iron, 
Protoxide  of  iron,  ... 

Lime,  

Strontian,  

Magnexia,  

Soda,  

Potash,  

Water,  


Gmelin. 

Part  toluHIe  in  acids. 
...  35.741 
...  11.121 
...  1.487 

, ...  16.015 
...  11.014 
...  0.112 
. ...  10.434 

...  3.264 

. ...  1.204 

, ...  6.630 


Part  insoluble  in  acids 
48.500 
6.702 

0.883 

17.305 

13.131 
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sorface.  contain  for  the  most  part,  the  same  constituents. 
Their  real  difference  consists  either  in  their  less  important 
ingredients,  or  in  the  various  proportions  they  contain  of  the 
several  constituents,  whose  mutual  combinations  form  the 
several  minerals  Hence  it  is  clear,  that  in  different  parts  of 
the  earth's  surface,  they  must  be  very  different 

These  rocks,  which  covered  the  earth  in  the  beginning,  and 
which,  during  the  long  period  of  their  existence,  have  been 
gradually  crumbling  down,  have  thus  produced  the  inoiganic 
constituents  of  the  soil,  and  are  every  day  still  doing  so. 

By  the  condensation  of  the  four  elements,  carbon,  hydro- 
gen, nitrogen,  and  oxygen,  from  the  atmosphere  upon  the 
earth  during  the  first  growth  of  plants — by  the  continual 
increase  of  this  condensation  in  living  plants,  and  by  the 
production  therefrom  of  the  black  organic  substance,  which 
we  now  find  in  the  ground, — this  black  substance  must  have 
been  immediately  mixed  with  the  fragments  of  the  decayed 
rocks.  The  final  result  of  this  process  must  necessarily  have 
been  the  production  of  a mixture,  in  which  inorganic  com- 
pounds, both  alone  and  in  combination  with  organic  com- 
pounds, would  be  found.  On  considering  the  chief  inorganic 
constituents  of  the  soil  briefly  enumerated  above,  we  see  that 
such  of  them  as  are  soluble  in  water,  are  the  same  with  those 
which  we  formerly  noticed  as  being  also  found  in  common 
water,  owing  to  the  facility  with  which  they  are  dissolved  out 
of  the  decayed  rocks,  either  by  the  falling  rain  water,  or  by 
the  melted  snowa  And  as  these  salts  are  also  indispensable 
constituents  of  plants  and  animals,  the  whole  inorganic  earth 
appears  to  be  in  intimate  relation  with  organic  nature,  and 
tice  vena.  Finally,  the  substances  soluble  in  water  are  mixed 
both  with  the  organic  constituents  of  the  soil,  and  with  the 
insoluble  remains  of  decayed  rocks ; and  so  they  are  supplied 
to  plants  in  a finely  divided  state. 

Supposing  the  products  of  the  decomposition  of  plants  and 
of  animals  to  be  the  very  same,  in  certain  circumstances,  it 
is  still  impossible  that  the  several  kinds  of  soil  should  be  the 
sam4  in  different  places.  The  inorganic  substances  present 
in  the  soil  influence  this  decomposition,  and  frequently  mo- 
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Jify  it.  The  presence  of  bases,  acids,  or  salts, — all  acting 
so  powerfully  in  inducing  changes  among  the  elements  of 
organic  substances, — must  necessarily  influence  the  decompo- 
sition of  plants  and  animals,  and  the  products  which  result 
from  it,  and  thus  also  the  motion  imparted  by  the  decomposing 
molecules  of  the  black  crust  of  the  earth  to  the  plants  which 
grow  there.  Hence  the  difference  of  soils  arising  from  a 
difference  in  their  inorganic  parts — hence  the  difference  in 
the  new  products,  which  spring  from  the  soil,  according  as 
the  inorganic  constituents  of  the  earth’s  crust  differ  ; hence, 
in  other  words,  the  relation  between  the  rocks  of  any  district, 
and  the  vegetation  which  grows  upon  their  decaying  frag- 
ments. 

It  is  a known  fact,  that  the  Flora  of  our  country  (the 
Netherlands),  agrees  with  that  of  the  whole  district  on  the 
Rhine.*  This  is  justly  ascribed  to  the  diff’usion  of  seed  by 
means  of  the  waters  of  the  Rhine ; but  another  cause  may  be 
superadded,  namely,  the  uniformity  of  the  inorganic  parts  of 
the  soils,  carried  down  by  the  stream. 

In  different  plants,  different  constituents  of  the  salts,  bases, 
and  acids  are  found.  It  may  be  true,  that  substances,  to  which 
they  are  nearly  allied,  may  be  substituted  for  them,  as  potash 
for  soda,  &c.  ; but  every  species  of  plant  preserves  a high 
degree  of  peculiarity  in  this  respect,  and  often  dies  from  want 
of  its  peculiar  inorganic  constituents. 

Hence  the  reason  why  certain  plants  prefer  certain  soils — 
why  they  refuse  to  live  in  some  tracts  of  land,  though  in  other 
respects  they  are  placed  in  the  same  circumstances : hence  the 
necessity  that  fields,  from  which  plants  are  continually  reaped, 
should  have  the  ash  of  plants  occasionally  added  ; hence, 
finally,  the  increased  fertility  of  pastures  irrigated  by  the 
winter  floods,  wliich  restore  the  inorganic  substances  of  w hich 
the  soil  has  been  exhausted  by  its  vegetable  produce. 

A fertile  arable  soil,  therefore,  is  an  intimate  mixture  of  in- 
organic substances,  insoluble  in  water, — especially  fitted  to 
make  the  soil  penetrable,  by  the  roots  of  plants,  and  by 
water  ; or,  by  their  hygroscopic  force,  to  retain  the  water,  a 

* Miquel,  Di«tributio  Oeographic*  Plantnrum. 
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property  of  which  clay  is  possessed  in  a very  high  degree — or 
of  substances  soluble  in  water,  which  can  be  taken  up  by  plants, 

»nd  to  which  the  salts  already  enumerated  belong.  It  is  a 
mixture,  also,  of  organic  with  inorganic  substances,  with  the 
latter  of  which  the  former  may  or  may  not  be  combined. 

These  organic  substances  existing  in  the  soil,  would  be  of 
an  incalculable  variety,  if  they  were  not,  by  a general  cause, 
reduced  to  a small  number.  If  this  general  cause  did 
not  exist,  the  first  plants  produced  on  the  decayed  rocks 
would,  when  dying,  have  deposited  on  the  earth’s  crust  all 
their  materials  ; to  these,  the  succeeding  plants  would  have 
added  their  share — and  thus  there  would  have  been  formed 
everywhere  a mixture  of  all  sorts  of  vegetable  substances, 
differing  with  the  nature  of  the  materials,  from  which  diffe- 
rent tribes  of  plants  are  built  up.  In  nature,  however,  this  * 
operation  proceeds  in  a very  different  way. 

Not  only  is  the  Individual  destroyed  at  its  death,  but  all 
its  orgMiic  substances  are  decomposed,  transfonned,  changed, 
and  modified  in  such  a manner,  that,  finally,  a few  only  are 
produced,  whatever  may  have  been  the  plant  or  the  animal 
whose  individuality  was  destroyed  There  are,  however, 
some  vegetable  as  well  as  animal  substances,  in  which 
this  common  change  is  not  yet  known  ; nor  is  it  likely 
to  take  place.  As  to  these,  the  inquiry  still  remains,  what 
becomes  of  them  in  the  earth’s  crust  ? The  resins,  fats, 
vegetable  bases,  and  acids  are  of  this  class.  As  to  the  chief 
component  parts  of  the  organic  kingdom,  however,  it  is  known 
into  what  they  are  transformed  during  their  decay  in  the 
coil,  that  is,  during  the  formation  of  humus.  This  decay  is  a 
peculiar  decomposition  of  organic  bodies,  not  to  be  confounded 
with  putrefaction,  from  which  it  greatly  differs  ; owing,  especi- 
ally, to  the  Influence  of  the  decayed  rocks,  and  the  division  of 
the  organic  substances,  effected  by  this  cause.  This  change  is 
remarkably  uniform,  since,  from  the  innumerable  organic 
combinations  which  exist  in  plants  and  animals,  the  same  few 
constituents  of  the  black  layer  of  soil  are  derived. 

If  we  exclude  the  substances  accidentally  mixed  with  the 
black  soil,  as  well  as  those  substances  which  have  not  yet 
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undergone  sufficient  decomposition,  its  constituents  are 
limited  to  a small  number  of  organic  substances — substances 
existing  in  it  everywhere,  and  on  the  decomposition  of 
which  the  growth  of  plants  depends. 

These  substances  have  the  following  properties : — Some  of 
them  are  soluble  in  water,  others  in  alkalies,  others  again  are 
insoluble  in  both,  while  some  dissolve  more  or  less  reiulily  in 
alcohol  and  ether.  The  latter  are  resinous  substances,  and 
they  appear  to  have  no  share  in  vegetation  at  all  The  resins 
obtained  from  turf  are  of  an  exceedingly  singular  composi- 
tion, which  indicates  that  they  contain  combinations  of  car- 
bon and  hydrogen,  in  different  proportions — namely,  CH,  and 
— either  combined  or  not  combined  with  oxygen. 

In  the  hard  Frisian  turf,  4 resins  exist  :• — 

«.  C50  H*o  O9=10(C5H<)  + 0». 
fi.  C77  H67  09 
y.  C10<H94  09 
j.  C181H12109 

In  the  three  latter,  the  a resin  is  no  doubt  chemically  com- 
bined with  carburretted  hydrogen,  CH,  for  if,  from  each  of 
them,  we  subtract  the  a resin,  we  have : — 

1“  ^ C77H8709 

«.  C«9H^909 

C27H27=9  X C8H» 

2”  y.  C70^H9<O9 

C80  IH0O9 

C54  H6*  = 18  X C8H* 

3°  i.  C731II12109 
^ C50  H<9  09 

C81  1181  = 27  X C8H3 

In  long  Frisian  turf,  the  composition  of  these  resins  U 
somewhat  different : — 

• Bulletin,  1889,  p.  147. 
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f-SS  H-28  05  = 7 (C’5  H^)  + 05 

C90  HISS  OS  = 6 (05  IH  + 0)  60  (0  H).* 

These  are  all  the  substances  of  this  kind  which,  so  far  as 
they  exist  in  the  soil,  have  been  as  yet  investigated.  But 
similar  substances,  produced  from  the  decomposition  of  or- 
ganic bodies,  exist  undoubtedly  in  all  sorts  of  soils,  and  in 
other  strata.  Tlie  light  carburetted  hydrogen,  C H*,  is  a pro- 
duct resulting  from  the  decomposition  of  plants,  which  have 
been  buried  under  the  ground  to  a great  depth,  and  trans- 
formed into  coal  There  are  two  other  carburetted  hydrogen 
compounds,  C H and  C’5  IH,  which  have  a solid  form,  and 
by  a similar  change  are  produced  at  the  surface.  It  is  very 
likely  that  further  investigation  will  make  us  acquainted 
with  more  of  them.  (Johnston.) 

* a of  lead,  hard  Frisian  turf. 
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2®  The  organic  substances  which  are  soluble  in  water  and 
alkalies,  are  present  in  certain  kinds  of  soil  in  considerable 
quantity,  in  others  to  a very  small  extent  Their  characters 
are  analogous  to  those  of  the  substances  wliich  are  insoluble 
in  water  and  alkalies,  with  the  exception  of  the  resins  above 
mentioned.  These  soluble  substances  present  themselves  with 
different  characters  in  the  soil,  owing  to  their  being  combined 
with  different  inorganic  bodies ; the  same  organic  substance, 
which  forms  a soluble  compound  with  potash,  forming  an  in- 
soluble one  with  oxide  of  iron  or  lime.  There  are,  however, 
two  organic  constituents  of  the  soil  which  do  not  combine 
with  bases,  and  are  insoluble  both  in  water  and  in  alkaliea 

At  present  seven  different  organic  substances  are  known 
to  exist  in  the  soil.  They  are  crenic  acid,  apocrenic  acid, 
geic  acid,  humic  acid  and  humin,  ulmic  acid  and  ulmin. 
Humin  and  ulmin  are  insoluble  in  alkalies  and  in  water;  the 
others  are  readily  soluble  in  alkalies,  and  more  or  less  in  water 
also.  In  different  kinds  of  soils  the  relative  proportions  in 
which  these  substances  are  present,  are  very  different,  as  are 
many  of  their  physical  and  chemical  properties  ; but  nume- 
rous experiments  seem  to  show,  that  a greater  number  can- 
not at  present  be  admitted.* 

It  is  of  importance  to  be  acquainted  with  these  substances. 

I shall  divide  them  into  two  groups,  the  crenic  and  the  humic. 

In  the  latter,  I include  gei'e  acid,  humic  acid  and  humin, 
ulmic  acid  and  ulmin  ; in  the  former,  crenic  acid  and  apo- 
crenic acid. 

In  a good  arable  soil — that  is,  one  of  which  the  organic 
constituents  are  as  far  as  possible  decomposed — none  of  these 
substances  contains  nitrogen  as  a constituent  element  All 
their  nitrogen  exists  in  the  state  of  ammonia.  And  as  five 
of  the  constituents  of  the  soil  already  enumerated  are  acids, 
five  different  salts  of  ammonia,  and  also  double  salts  of  - 
potash,  soda,  lime,  magnesia,  and  oxide  of  iron,  may  be  formed 
from  these  five  acids ; which  salts,  being  soluble  in  water,  can 
be  supplied  to  plants^n  a state  of  solution. 

* In  a Hubaequent  page  1 shall  state  the  result  of  some  researches  of  my  own, 
which  show  that  to  this  number  others  may  already  be  added. — J, 
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If  the  soil  is  exhausted  by  means  of  water,  a great  many 
salts  are  extracted  from  it  Three  different  kinds  of  soil 
gare  of  salts  in  100  parts  ;* — 

0.42+ 

2.771 

1..5+0 

These  salts  are  the  chlorides  of  sodium,  potassium,  calcium, 
magnesium,  and  ammonium,  with  formic,  acetic,  sulphuric, 
carbonic,  crenic,  apocrenic,  and  humic  acids,  in  combination 
with  the  oxides  of  the  same  metals.  They  form  altogether 
what  is  called  humus  extract. 

From  the  soils  treaty  with  water  in  the  manner  described, 
alkaline  solutions  extract  substances,  which  may  be  precipi- 
tated by  acids.  In  different  kinds  of  soils  the  substances 
thus  extracted  are  sometimes  different  They  all  consist, 
however,  of  one  or  more  of  the  following  three,  namely : — 
Geic  acid,  H12 

Humic  acid,  C^ohi2oi2 
Ulmicacid,  C^OH14  0J2 

The  latter  is  that  which,  in  neutral  vegetable  substances 
undergoing  decay,  is  formed  first.  From  it,  by  absorption  of 
oxygen  fiom  the  air,  humic  acid  is  produced,  and  finally,  by 
a further  absorption,  geic  acid. 

Of  these  three  substances — soluble  in  alkalies,  and  precipi- 
table  by  acids  from  their  solutions — the  above-mentioned 
three  kinds  of  soils  gave  in  1 00  parts  — 

4.2+9 

5.289 

8.667 

The  substances  which  are  insoluble  in  alkalies  (ulmin  and 
humin),  can  be  rendered  soluble,  and  so  converted  into  ulmic 
Md  humic  acids  respectively,  by  the  decomposition  which  is 
always  going  on  in  the  constituents  of  the  soil. 

The  organic  substances  now  enumerated,  which  in  tlie 

* Scheikundige  Oaderzoekingcn,  vol.  ii.  page  92. 
f Scheikundige  Ondenoekingen,  ii.  page  92. 
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mass  we  call  humic,  may  thus  in  part  be  supplied  to  plants, 
provided  there  be  an  alkali  at  hand  to  bring  them  into  a 
soluble  state.  This  may  be  either  (me  of  the  fixed  alkalies, 
or  ammonia — especially  the  latter,  which,  in  a way  I shall 
presently  describe,  may  be  so  easily  formed  from  the  atmo- 
spheric air  included  in  the  soil  In  this  way,  the  humic 
substances,  in  a state  fit  for  supplying  food  to  plants,  are 
added  to  the  soluble  salts  above  enumerated — provided 
ammonia  have  access  to  render  them  soluble  in  water — and, 
therefore,  they  mwt  be  taken  up  by  the  roots  of  plants,  along 
with  the  salts,  unless  plants  be  able  to  select — a supposition 
which  is  by  no  means  probable.* 

In  the  fluid,  from  which  the  humic  substances  have  been 
precipitated  by  an  acid,  apocrenic  and  crenic  acids  are  still 
contained,  which  substances  may  also  be  collected,  and  their 
proportion  calculated  by  adding  first  acetate  of  copper,  and 
afterwards  carbonate  of  amnmnia.  By  the  former,  apocrenate 
of  copper  is  thrown  down,  in  which  about  50  per  cent  of 
apocrenic  acid  is  contained  ; by  the  latter,  crenate  of  copper, 
which  contains  a variable  proportion — from  40  to  70  per  cent 
— of  crenic  acid.  When  treated  in  this  way,  the  three  soils 
referred  to  gave  respectively — 

Apocrenate  of  Copper. 

1.865 

1.228 

0.701 

(Venate  of  Copper. 

0.774 

1.901 

1.260 

These  two  acids,  also,  as  they  exist  in  the  soil,  can  be  separated 
from  their  insoluble  combinations  with  lime  and  oxide  of  iron, 
by  means  of  ammonia,  potash,  or  soda,  with  which  they  form 
soluble  salts.  If  ammonia,  therefore,  be  present,  the  soil  will 

* Some  of  the  rcuona  in  support  of  the  opposite  view,  which  I un  inclined 
present  to  regard  as  the  more  probable,  will  be  found  in  m;  published  " Isac- 
tiires  on  Agricultural  Chemistry  and  Geology,"  p.  112. — J, 
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be  found  to  contain  five  different  compounds  of  this  base, 
sometimes  in  considerable  quantity, — substances  which  can 
be  supplied  to  plants  in  a soluble  state,  and  which  are  thus  of 
great  importance  to  their  growth. 

In  giving  a slight  outline  of  the  production  of  all  these  sub- 
stances, and  of  their  influence  on  the  life  of  plants,  we  shall 
b^n  with  the  humic,  and  treat  afterwards  of  the  crenic 
group. 

First,  however,  we  must  advert  to  the  ammonia,  which  so 
powerfully  supports  the  growth  of  plants,  and  deserves  to  be 
particularly  noticed,  not  only  as  a base,  rendering  the  five 
acids  above  mentioned  soluble  (in  which  respect,  like  the  ashes 
of  plants,  so  valuable  as  a manure,  it  plays  an  important 
part),  but  also  as  a substance  containing  nitrogen,  the  only 
one,  indeed,  of  this  kind,  which  exists  in  a soil  sufficiently 
decomposed. 

We  are,  I believe,  entitled  to  conclude,  from  the  experi- 
ments of  Liebig  himself  (page  103),  that  this  ammonia  cannot 
be  carried  down  to  the  soil  from  the  atmosphere,  by  means  of 
the  rain-water.  It  exists  in  the  atmosphere  in  too  small  a 
proportion — a proportion  which  has  never  been  determined 
Nay,  it  is  so  minute,  that  it  appears  not  to  be  capable  of  being 
determined, — its  mere  presence  even  is  difficult  to  be  detected. 

Nitrogen,  in  the  state  of  pure  gas,  and  also  atmospheric  air, 
are,  however,  possessed  of  one  common  property,  namely,  that 
when  in  contact  within  an  enclosed  space  with  putrefying 
substances, — from  which  hydrogen  is  in  consequence  given  off, 
—the  nitrogen  combines  with  the  hydrogen  and  forms  ammo- 
nia. This  property  of  nitrogen  is  known.  It  is  the  principle 
on  which  saltpetre  is  formed  ; the  production  of  that  substance, 
as  has  been  correctly  remarked  by  Lieijig,  being  always  preceded 
by  that  of  ammonia  Now,  air  is  contained  in  the  soil,  and 
is  in  continual  contact  with  moist  and  decomposing  substances. 
This  air  could  produce  saltpetre,  if  there  were  only  a sufficient 
abundance  of'  bases,  and  that  even  without  the  presence  of 
putrefying  oiganic  substances.  There  are  in  Ceylon  twenty- 
two  natural  saltpetre  grottos,  where  there  are  no  organic 
substances,  from  which  nitrogen  might  be  supplied.  Nitro- 
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gen  is  derived  from  the  air  contained  in  these  caverns,  and, 
in  favourable  circumstances,  even  the  water  is  decomposed, 
and  ammonia  at  the  same  time  produced,  which  afterwards 
is  oxidized  into  nitric  acid  by  the  oxygen  of  the  air,  in  places 
where  it  has  more  easy  access ; this  acid  then  combines  again 
with  the  bases  from  the  walls  of  the  grottos,  and  forms  nitrates. 

All  this  would  happen  in  the  soil  if  organic  substances  were 
hot  present  to  absorb  the  oxygen,  and  thus  to  prevent  the 
oxidation  of  the  nitrogen  in  the  ammonia,  and  the  formation 
of  saltpetre. 

In  a porous  soil,  in  which  moist  air  is  contained,  nitrogen 
combines  with  the  hydrogen  of  the  organic  bodies  only  into 
ammonia,  the  oxygen  from  the  water  and  the  air  being  con- 
sumed in  the  higher  oxidation  of  the  organic  substances  them- 
selvea  In  this  way,  the  first  product  of  the  decomposition 
of  organic  substances,  namely,  ulmic  acid,  0^2,  is  con- 

verted into  humic  acid,  C*®  H12  0^2^  and  this  again  into  geic 
acidjC^o  H12  0^* ; the  latter,  again,  being  then  further  oxidized 
into  apocrenic  and  crenic  acids,  which  we  intend  to  treat  of 
hereafter. 

It  may  be  enough  to  repeat  here,  that  in  the  soil,  as  in  the 
batnral  caverns  of  Ceylon,  the  ammonia  is  produced  from 
the  nitrogen  of  the  atmosphere,  and  that  the  oxygen  of  the 
air  converts  the  organic  substances  successively  into  ulmic, 
humic,  geic,  apocrenic,  and  crenic  acids,  instead  of  forming 
nitric  acid 

What  is  said  here  of  the  formation  of  ammonia  from  the 
nitrogen  of  the  atmosphere,  contained  in  the  moist  soil,  has 
been  treated  of  elsewhere  at  greater  length.  (Scheik.  On- 
derz.,  voL  ii.) 

By  all  porous  substances,  therefore,  ammonia  is  produced — 
provided  they  are  moist,  are  filled  with  atmospheric  air,  and 
are  exposed  to  a certain  temperature.  * It  is  by  this  process, 
that  the  porous  lime  in  the  walls  of  moist  rooms  comes  to 
contain  first  ammonia,  and  afterwards  nitrate  of  lime, — that 

* Sec  Kuhiman  upon  the  formation  of  aaltpetre,  in  Annalen  der  Pharmacie, 
Ad.  20,  B.  272,  who  aacertained,  in  1839,  that  the  formation  of  ammonia  pre- 
oodee  that  of  ealtpctre. 


Digitized  by  Google 


Vegetable  and  animal  physioloot. 


15i 


moist  charcoal  becomes  impregnated  with  ammonia,  and  forms, 
ifterwards,  by  oxidation,  the  substances  resembling  humus 
extract,  which  Biichner  found  in  charcoal  to  the  amount  of  2 
per  cent,  and  in  which  Lucas  cultivated  plants — substances 
consisting  chiefly  of  apocrenate  of  ammonia,  produced  from 
the  charcoal  by  oxidation. 

This  formation  of  ammonia  from  the  nitrogen  of  the  at- 
mosphere has  been  denied  by  several  writers,  especially  on 
the  ground,  that  at  an  elevated  temperature  nitrogen  does 
not  form  any  combination  with  hydrogen.  But  the  combina- 
tion of  nitrogen  vrith  hydrogen  at  ordinary  temperatures, 
in  various  circumstances,  is  equally  true  with  the  result  of 
the  experiments  made  upon  the  former  point  It  has  been 
demonstrated  by  many  experiments,  that,  at  an  elevated  tem- 
perature, nitrogen  has  an  indifierent  character,  being  unable 
to  form  direct  combinations  at  a red  heat,  either  with  hydrogen 
or  with  oxygen.  This  is,  however,  not  the  case  with  regard  to 
carboa  Coke,  when  heated  to  redness  with  potash  in  the 
open  air,  produces  cyanuret  of  potassium.  There  are  some 
circumstances  also  in  which  nitrogen  does  combine  with  oxy- 
gen at  a high  temperature : — for  instance,  Cavendish  obtained 
nitric  acid  bypassing  electric  sparks  through  moist  atmospheric 
sir,  and  the  same  acid  is  also  produced,  when  a mixture  of 
hydrogen  and  nitrogen  is  burned  in  the  air. 

It  is  a fact,  especially  important  to  our  present  purpose,, 
that  hydrogen,  in  the  natcent  ttate,  combines  directly  with  nitro- 
gen into  ammonia  When  reddened  litmus  paper  is  hung  up 
in  a bottle,  filled  trith  pure  atmospheric  air,  and  when  pure 
iron-filings,  moistened  with  pure  water,  are  laid  at  the  bot- 
tom, then  the  red  litnrus  is  quickly  turned  blue  by  the  action 
of  ammonia,  formed  from  the  nitrogen  in  the  air,  and  the  hy- 
drogen of  the  decomposed  water,  the  oxygen  of  which  had 
combined  with  the  iron. 

Such  a formation  of  ammonia  continually  takes  place  in 
the  soil  There,  atmospheric  air  is  present,  and  consequently 
nitrt^n ; hydrogen  is  continually  liberated  (sec  below),  and 
thus  the  conditions,  necessary  to  the  formation  of  ammonia, 
«re  fulfilled  as  often  as  cellulose,  ligneous  matter,  starch,  kc,. 


Digitized  by  Google 


152 


THE  CHEMISTRY  OF 


are  changed  either  into  humic  acid,  or  into  other  constituents 
of  the  soil. 

To  this  formation  of  ammonia  from  the  constituents  of 
atmosplieric  air  and  water,  we  must  look  for  tlie  cause  of  one 
of  the  most  important  peculiarities  in  the  growth  of  plants. 
It  is  owing  to  this  slow  formation  of  ammonia,  that  the  orga- 
nic substances  of  the  soil,  insoluble  in  water,  are  rendered 
soluble,  and  so  can  be  offered  to  plants  as  organic  food,  even 
without  a supply  of  ammoniacal  manure  to  the  soil  In  other 
words,  it  is  owing  to  this  cause,  that  the  five  acids  already 
mentioned  can  all  be  converted  into  soluble  ammoniacal  salts. 

The  humic  substance*, — that  is,  the  substances  which  can  be 
extracted  from  the  soil  by  alkalies,  and  precipitated  from  the 
alkaline  solution  by  acids — from  whatever  kind  of  soil  they 
may  have  been  prepared,  have  a very  great  uniformity,  and 
are  remarkably  similar  to  those  substances  which,  by  the 
action  of  several  chemical  agents,  may  be  obtained  from  the 
materials  which  are  generally  diffused  through  the  vegetable 
and  animal  kingdoms.  Hence,  we  perceive  a remarkable  con- 
formity between  putrefaction  and  chemical  action,  and  also  a 
change  of  very  dissimilar  Ixidies  into  the  same  substances,  by 
which  we  are  led  to  recognise  a certain  conformity  in  the 
natural  arrangement  of  the  elements  of  these  bodies.  While, 
therefore,  we  see  wowly  fibre,  starch,  gum,  sugar,  and  also  pro- 
tein, severally  yield  the  same  chemical  substances  by  means 
both  of  putrefaction  and  of  an  acid,  and  woody  fibre  by 
means  of  putrefaction,  an  acid,  or  heat  (in  soot), — we  have 
undeniable  proof,  that  putrefaction,  acids,  and  heat,  must 
exert  on  these  substances  the  same  effect,  and  consequently 
their  chemical  influence  must  be  uniform.  Putrefaction  be- 
ing thus  a chemical  action,  and  at  the  same  time  a pheno- 
menon which  immediately  succeeds  the  individual  vital 
force,  we  are,  in  spite  of  ourselves,  led  to  draw  the  con- 
clusion, that  this  individual  vital  force  is  very  much  regu- 
lated by  chemical  action,  though  it  may  be  determined  by 
other  series  of  chemical  actions,  than  those  by  which  putre- 
faction is  effected. 

But  we  are  not  less  entitled  to  draw  the  conclusion,  that. 
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as  the  same  substances  are  produced  in  circumstances  so  very 
different  (putrefaction  and  the  action  of  acids),  and  from 
so  many  different  materials  (woody  fibre  and  protein,  starch 
and  phloridzine*), — there  must  exist  in  all  these  dissimilar 
complex  substances  (viz.,  protein,  woody  fibre,  starch,  gum, 
sugar,  phloridzine,  and  a great  many  others),  a uniform 
arrangement  of  the  molecules,  or  some  unknown  combination 
of  the  elements,  which  occurs  as  a prototype  in  humic  acid  and 
humin,  and  which  is  constantly  liberated  from  these  different 
substances  imder  very  different  circumstances.  This  presents 
another  generality  in  the  arrangement  of  the  organic  world, 
and  exhibits  in  a beautiful  light  the  simplicity  of  the  whole 
scheme. 

3°  The  soil  contains  a humic  substance,  which  is  insoluble  in 
alkalies.  A similar  one  is  found  also  in  the  products  obtained 
by  the  action  of  acids  upon  sugar,  The  composition  of  the 
latter  is  known.  That  of  the  former  is  very  difficult  to  ascer- 
tain, because  the  different  insoluble  products  of  putrefaction 
remain  in  a state  of  mixture,  and  can  scarcely  be  completely 
separated — such,  for  instance,  as  rotten  wood,  which  cannot 
be  separated  from  that  which  is  but  partly  rotted.  We  may^ 
however,  suppose,  with  a certain  degree  of  probability,  that 
the  substance  of  the  soil,  which  is  insoluble  in  alkalies,  will 
also  be  similar  to  that  which  can  be  produced  from  sugar,  &c., 
by  means  of  acids. 

The  humic  substances,  soluble  in  alkalies,  are  divisible  into 
three  classes  according  to  their  composition — into  those, 
namely,  which  can  be  supposed  to  consist  of  carbon  and 
the  elements  of  water, — those  which  contain  more  hydrogen 
than  the  oxygen  requires  to  form  water, — and  those  which 
contain  an  excess  of  oxygen.  Such  are  the  humic,  ulmio, 
and  gei'c  acids.  Their  composition  is  as  follows  — 

* Kitro-humic,  and  nitro-phloretic  acid  are  identical ; they  arc  both  apocra- 
nate  of  ammonia  (Scheik.  Onderzoek.,  rol.  ii.  p.  105). 

t Bulletin,  1840,  p.  1. 

rimic  acid  from  sugar,  at  195”  Cels.  (383*  Fahr.) 


Found. 

Atoma 

Calculated. 

c 

68.95 

40 

68.98 

H 

4.23 

14 

3.94 

0 

26.82 

12 

26.08 
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C 

H 

0 

HO  0 

Ulmic  acid  from  sugar  by  means 

of  acids, 

40 

14 

12 

Ulmin  from  the  same, 

40 

14 

12 

+ 

2 

Ulmic  acid  from  long  Frisian  turf, 

40 

14 

12 

+ 

4 

Humic  acid  from  sugar  by  means 

of  acids. 

40 

12 

12 

Humin  from  the  same. 

40 

12 

12 

+ 

3 " 

Humic  acid  from  hard  turf,  ... 

40 

12 

12 

+ 

3 

Humic  acid  from  a rotten  tree. 

40 

12 

12 

+ 

4 

Humic  acid  from  an  arable  soil. 

40 

12 

12 

+ 

4 

Humic  acid  from  soot. 

40 

12 

12 

+ 

4 

Geic  acid  from  two  kinds  of  soil, 

40 

12 

12 

+ 

3+2 

Humic  acid  from  a pasture  field. 

40 

12 

12 

+ 

2 

Humic  acid  from  an  arable  soil. 

40 

12 

12 

5 

Humic  acid  from  protein,  by  means 

of  muriatic  acid,  

40 

12 

12 

Almost  all  these  substances  {u*e  combined  with  ammonia  in 


I'lmin  at  140° 

Cels.  (284° 

Fabr.) 

Found. 

Atoms. 

Calculated. 

C 

66.27 

40 

65.65 

H 

4.62 

16 

4.28 

0 

30.21 

14 

80.07 

Ulmio  acid  from  long  Frisian  tnrf,  at  140°  Cels.  (284°  Fabr.) 

Found. 

Atoms. 

Calculated. 

C 

61.85 

40 

62.62 

H 

4.79 

18 

4.62 

0 

83.36 

16 

82.76 

Humin  from  sugar,  at  140 

° Cels.  (284°  Fahr.) 

Found. 

Atoms. 

Calculated. 

C 

64.67 

40 

64.44 

H 

4.32 

15 

8.94 

0 

81.01 

15 

31.62 

Humic  acid  from  sugar,  combined  with  oxide  of  silver,  at  100' 

Fahr.) 

Found. 

Atoms. 

Calculated. 

C 

49.05 

40 

49.36 

H 

8.23 

15 

3.02 

0 

24.68 

15 

24.21 

AqO 

28.14 

1 

23.44 

Digitized  by  Google 


TSOETABLE  AND  ANIMAL  PHTSIOLOOY 


155 


the  soil,  and  contain  different  proportions  of  water,  with 
which  they  remain  in  combination,  if  dried  at  the  same  tern- 
perature  of  140“  Cels.  (=  284“  Fahr.).  They  ought,  there- 
fore, not  to  considered  as  the  same,  though  analogous  sub- 
stances ; they  differ  from  each  other  in  accidental,  and  not  in  * 
essential,  properties.  The  varieties  of  the  three  acids — 
ulmic,  humic,  and  gei'c  acids — must  be  viewed  in  the  same 
light  as  the  different  kinds  of  sugar,  in  which  it  is  clear, 
that  0*  is  contained,  but  from  many  of  which  the  whole 

of  the  water  cannot  be  driven  off  by  bases.  (See  Scheikund. 
Onderz.,  voL  iL  page  88.) 

Let  us  now  briefly  consider  the  manner  in  which  the  above 
three  acids  are  produced. 

Ulmin  and  ulmic  acid  are  formed  from  cellulose,  starch. 
Hamate  of  ammonia  from  hard  Frisian  torf,  at  140°  C.  (28l*  Fahr.) 


Foand. 

Atoms. 

Calculated. 

c 

0.13 

40 

60.28 

H 

4.74 

19 

4.68 

N 

3.61 

1 

8.49 

0 

31.55 

16 

81.55 

“ 

C»H“0“  + NH>  + 4HO 

Hamate  of  ammonia  Dom  an  old  willow,  at  140*  C.  (284*  Fahr. 

Found. 

Atoms. 

Calculated. 

C 

59.06 

40 

58.98 

H 

4.96 

20 

4.82 

N 

2.80 

1 

3.41 

O 

38.18 

17 

82.79 

=- 

C#H>*0“+  NH*+  5HO 

'Oeale  of  ammonia  from  an  arable  toil,  at  140* 

C.  (284*  Fahr.) 

Found. 

Atoms. 

Calculated. 

C 

67.87 

40 

53.00 

H 

4.43 

19 

4.48 

N 

3.25 

1 

3.87 

0 

84.95 

18 

34.15 

= C*H“0“+  NH  +4HO> 

Hamate  of  ammonia  from  an  arable  pastare  soil  (284*  Fahr.) 

Found. 

Atoms. 

Calculated. 

C 

67.16 

40 

56.68 

H 

5.88 

23 

5.32 

N 

6.11 

2 

6.56 

0 

81.85 

17 

31.49 

y.  C*H“0“+  2NH«+  6 HO. 
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f'um,  and  sugar,  by  the  influence  of  acids,  and  at  the  same  time, 
fonnic  acid  is  produced.  Tlie  foUo\Ying  may  serve  as  an  ex- 
ample : — 


C 

H 

0 

i of  7 equiv.  of  sugar,  = . 

..  42 

35 

35 

1 equiv.  of  of  ulmin,  =. 

..  40 

16 

14 

1 equiv.  of  formic  acid,  = 

..  2 

1 

3 

18  equiv.  of  water,  = 

18 

18 

42 

35 

35 

It  is  certain,  that  a change  similar  to  the  above  takes  place 
during  the  formation  either  of  ulmin  or  ulmic  acid  from  cel- 
lulose or  other  neutral  substances  during  decay.  In  this  case, 
however,  the  formic  acid  either  cannot  be  produced  at  all,  or 
cannot  be  sa  exclusively  ; but,  in  its  stead,  two  equivalents  of 
carbonic  acid  and  one  of  water  must  be  produced,  two  of  oxygen 
being  absorbed  from  the  air.*  In  the  same  manner  the  above 
organic  substances  are  changed  into  humin  and  humic  acid, 
which  are  formed  in  the  soil  more  frequently  than  ulmin  and 
ulmic  acid,  and  consist  of  Q12  They  are  produced  from 

sugar,  by  the  action  of  acids,  with  access  of  air,  as  follows  : — 


Uumate  of  ammonia  from  a garden  mould,  at  284°  Fahr. 


Found. 

Atoma. 

Calculated. 

C 57.87 

40 

57.72 

H 4.98 

21 

4.97 

N 3.62 

1 

3.34 

0 88.53 

18 

33.79 

- 0“  0“  + 

N H»  4-  6 H 0 

Humate  of  ammonia  from  protein  by  means  of 
Fahr. 

muriatic  acid,  at  284’ 

Found. 

.\toma. 

Calculated. 

C 94.86 

40 

64.58 

H 4.61 

16 

4.22 

N 3.70 

1 

3.74 

0 26.83 

13 

27.46 

= C«H»Oi«+  NH>  + HO 

• Theec  two  of  oxygen  are  required  to  convert  the  formie  acid  into  carbonic 
acid  and  water.  Thu»  : — 

Formie  acid  + 2 of  oxygen  = 2 of  carbonic  acid  + water. 

C*H*0»  + 20  =»  2C0*  +HO 
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C 

H 

0 

i of  7 equiv.  of  sugar, 

42 

35 

35 

1 equiv.  of  humin. 

40 

12 

12 

1 equiv.  of  formic  acid. 

2 

1 

3 

22  equiv.  of  water. 

22 

22 

42 

35 

37 

Thus,  two  equivalents  of  oxygen  are  taken  from  the  atmo- 
sphere, when  humin  is  formed  in  this  way.  In  the  soil,  again, 
during  the  decomposition  of  sugar,  four  of  oxygen  are  ab- 
sorbed, and  two  of  carbonic  acid,  and  one  of  water,  are  formed, 
instead  of  one  of  formic  acid.  (See  preceding  note.) 

The  change  of  sugar,  therefore,  either  into  humin  or  ul- 
min,  or  into  their  acids,  during  decay,  is  a simple  transposition 
of  its  elements.  Thus  ulmin  is  formed  from  it,  with  absorp- 
tion  of  two  of  oxygen,  humin  of  four  of  oxygen,  and  geic  acid 
of  six  of  oxygen,  as  follows ; — 


C 

H 

0 

i of  7 equiv.  of  sugar,  -h  0^, 

42 

35 

37 

2 equiv.  of  carbonic  acid, 

2 

4 

19  equiv.  of  water,  ... 

19 

19 

1 equiv.  of  ulmin. 

40 

16 

14 

42 

35 

37 

i of  7 equiv.  of  sugar,  4-  0*, 

42 

35 

39 

2 equiv.  of  carbonic  acid. 

2 

4 

23  equiv.  of  water, 

23 

23 

1 equiv.  of  humin. 

40 

12 

12 

42 

35 

39 

i of  7 equiv.  of  sugar,  -f  0®, 

42 

35 

41 

2 equiv.  of  carbonic  acid. 

2 

4 

23  equiv.  of  water. 

23 

23 

1 equiv.  of  geic  acid. 

40 

12 

14 

42 

35 

41 
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As  to  cellulose,  starch,  gum,  inuline,  and  lichen  starch, 
what  has  been  said  with  regard  to  sugar,  holds  true  of  them 
also.  Pectin,  and  other  analogous  substances,  which  are  so 
yeiy  much  difiiised  through  plants,  do  not  require  any  oxygen 
irom  the  air,  to  be  converted  into  liumin.  They  consist  of 
Cl  2 H8  QtO;  and  thus,  taking  the  same  tabular  view  as  for  sugar. 


they  would  give : — 

C H O 

1 of  7 equiv.  of  pectin,  42  28  35 

2 equiv.  of  carbonic  acid,  2 4 

16  equiv.  of  water,  ...  16  16 

1 equiv.  of  humin,  ...  40  12  12 

42  28  32 


There  is  here,  then,  a remainder  of  three  equivalents  of 
oxygen,  so  that  cellulose,  starch,  sugar,  &c.,  if  mixed  with  a 
certain  quantity  of  pectin,  might  produce  humus,  and  give  oflf 
a certain  quantity  of  carbonic  acid  to  the  atmosphere,  without 
taking  from  it  any  oxygen. 

Of  these  neutral  materials,  plants  chiefly  consist,  and  it  is 
highly  probable  that  their  decomposition  is  effected  in  the 
manner  above  described.  There  are  some  organic  substances, 
of  which  the  mode  of  conversion  into  humus  cannot,  with  any 
probability,  be  demonstrated  : with  many,  however,  it  might 
be  ; but  the  illustrations  already  presented  in  regard  to  such 
of  the  neutral  vegetable  substances  as  are  most  generally  dif- 
fused, may  suffice  for  the  present. 

There  is  one  of  the  chief  component  parts,  belonging  both 
to  the  bodies  of  animals  and  of  vegetables,  the  change  of  which 
into  humus  is  equally  simple.  This  substance  is  protein.  By 
the  influence  of  hydrochloric  acid,  and  the  oxygen  of  the 
air,  it  is  converted  into  humic  acid,  in  the  following  man: 
per  :• — 


* Bulletin,  1840,  p.  74. 
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C 

H 

N 

0 

Cl 

1 equiv.  of  protein. 

40 

31 

5 

12 

4 equiv.  of  hydrochloric 
4 equiv.  of  oxygen. 

acid, 

4 

4 

4 

40 

35 

5 

16 

4 

Prom  these  are  produced 

: — 

c 

H 

N 

0 

Cl 

1 equiv.  of  humin. 

40 

15 

15 

1 equiv.  of  ammonia. 

3 

1 

1 equiv.  of  water, 

4 equiv.  of  chloride  of 

1 

1 

ammonium. 

16 

4 

4 

40 

35 

5 

16 

4 

In  the  formation  of  humus  from  protein,  again,  humin 
and  ammonia  are  produced;  four  equivalents  of  oxygen 
being  absorbed  from  the  air : — 


C 

H 

N 

0 

1 equiv.  of  protein,  -J-  0*, 

40 

31 

5 

16 

1 equiv.  of  humin,  .., 

40 

15 

15 

1 equiv.  of  water. 

1 

1 

5 equiv.  of  ainmonia. 

15 

5 

40 

31 

5 

16 

The  other  chief  constituents  of  the  animal  body  have  not 
been  investigated  with  reference  to  these  transformations; 
so  that  it  is  not  known  what  kind  of  changes  they  undeigo 
in  the  soil,  when  they  are  converted  into  humus. 

Though  it  be  true,  that  the  products  of  the  decomposition  of 
organic  substances  differ  with  circumstances,  and,  conse- 
quently that,  in  the  above  outline,  the  decomposition  is  stated 
for  one  particular  case  only ; yet  it  results  from  what  has 
been  said,  that  the  same  substances,  of  which  the  black  layer 
of  soil  chiefly  consists,  are  formed  from  the  most  different 
products  of  the  vegetable  and  animal  kingdom,  especially  frotq 
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their  chief  constituents — both  by  the  influence  of  chemical 
agents,  and  by  that  of  the  formation  of  humus. 

The  ulniic,  humic,  and  geic  acids,  however  prepared,  have 
the  property  of  condensing  ammonia  and  water,  to  the  ex- 
tent of  several  parts  per  cent  This  water  cannot  be  separated 
from  them,  unless  they  are  exposed  to  a very  high  tempera- 
ture. We  have  observed  that  from  8 to  16  per  cent  of  water 
are  given  off  at  284'°  Fahr.  from  different  kinds  of  humin  and 
ulmin.*  They  can  be  entirely  deprived  of  water,  only  by  a 
temperature  of  383°  Fahr.  By  this  great  hygroscopic  power, 
the  growth  of  plants  is  very  materially  promoted.  In  the  soil, 
humic  and  geic  acids  are  always  combined  with  ammonia. 
All  the  ammonia,  produced  by  the  decay  of  substances  con- 
taining nitrogen,  (protein  from  plants  and  animals,  &c. ;) — 
and  all  that  is  formed  in  the  porous  soil  from  the  component 
parts  of  the  atmosphere  and  of  water — combines  with  the 
humic  and  geic  acids,  into  humate  and  geate  of  ammonia, 
which  are  severally  present  in  different  kinds  of  soils.  We 
have  found,  in  different  specimens  of  soils  and  turfs,  humates 
and  geates  of  ammonia,  which,  at  a temperature  of  284° 
Fahr.,  had  the  following  composition  : — 


Turf, 

H12012 

+ 

N 

H3 

+ 

4HO 

Decayed  tree. 

idem 

+ 

N 

H3 

+ 

5HO 

Soil  from  an  orchard. 

idem 

-t-2N 

H3 

+ 

4 H 0 + 02 

Garden  mould. 

idem 

+ 2N 

H3 

+ 

4 H 0 + 02 

Soil  from  pasture  land, 

idem 

-I-2N 

H3 

-t- 

.I  HO 

Garden  mould,  planted 

• 

with  young  oaks, 

idem 

+ 

N 

H3 

+ 

.5  H 0 

Garden  mould,  planted 

with  currant  Itushes, 

idem 

+ 

N 

113 

+ 

6HO 

This  power  of  condensing  ammonia,  possessed  by  the 
ulmic,  humic,  and  geic  acids,  is  so  powerful,  that  the  acid, 
prepared  from  sugar  by  means  of  muriatic  acid,  contains  almost 
always  ammonia,  unle.ss  the  air  be  carefully  excluded.  The 
ammonia,  which  always  either  exists  in  the  atino.spherc,  or  is 
produced  from  it  in  the  manner  above  mentioned  (p.  14.*))  ; 

• Bulletin,  p.  10,  47,  50. 
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(for  instance,  the  ammonia,  from  which  the  incrustations  round 
the  necks  of  bottles,  containing  phosphoric  acid,  Sic.,  and  the 
collections  of  liquid  on  the  necks  of  bottles,  containing  nitrio 
«cid,  kc.  are  formed,)  combines  with  the  geic,  humic,  and  ulmic 
acids,  and  thus  geate,  humate,  and  ulmate  of  ammonia  are  pro> 
dneed.  By  this  property,  Hermann  was,  no  doubt,  misled,  when 
he  thought  that  the  humic  acid  from  sugar  contained  nitro- 
gen.* We  may  ascribe  to  it  a very  important  function  of  the 
soil  It  enables  these  acids  to  retain  ammonia,  either  con- 
densed from  the  atmosphere,  or  formed  from  its  constituents, 
and  thus  to  supply  nitrogen  to  plants — to  absorb  the  ammo- 
nia formed  during  the  decay  of  substances  which  contain 
nitrogen — and  greatly  to  promote  the  growth  of  plants  by 
means  of  nitrogenous  manures. 

It  is  by  this  ammonia  also,  that  the  geic,  humic,  and  ulmic 
acids  of  the  soil  are  made  soluble  in  water,  and  so  fitted  to  be 
taken  up  by  the  roots  of  plants,  in  the  same  manner  as  so 
many  inorganic  salts,  such  as  the  alkaline  sulphates  and  chlo- 
rides. are  taken  up  by  them.  Thus,  the  ammonia  is  an  addi- 
tional base  in  the  soil,  and  joins  the  potash,  magnesia,  soda, 
lime,  and  the  oxides  of  iron  and  manganese,  to  form  a long 
series  of  ulmates,  humates,  and  geates,  some  of  whicl}  are 
soluble,  and  others  insoluble  in  water. 

As  the  proportion  of  ammonia  increase.s,  more  of  the  other 
bases — for  instance,  oxide  of  iron  and  manganese — are  dis- 
placed by  it,  and  in  this  way  geates,  humates,  or  ulmates,  which 
are  either  insoluble,  or  soluble  with  difficulty,  are  converted 
into  the  very  soluble  geate,  humate,  or  ulmate  of  ammonia. 
Thus,  as  substances,  giving  off  ammonia,  deciiy  in  the  soil,  they 
must  produce  soluble  geate,  humate,  or  ulmate  of  ammonia, 

4°  Tliese  re.marks  may  suffice  in  regard  to  the  humio  sub- 
stances in  the  soil,  that  is,  such  as  can  be  extracted  from  it  by 
alkalies,  and  precipitated  by  acids  from  the  alkaline  solution. 
There  arc  two  other  constituents  of  the  soil,  however,  which 
deserve  particular  attention,  viz,,  the  cretiic  and  apocrenic  acids. 

■Jonrnst  fUr  Praktischo  Cbcmic,  1841,  Erstcr  Band,  p.  68.  The  whole 
tre»!uc  of  Hermann,  in  thU  and  the  following  parU,  1841,  Part  II,  p.  375,  au4 
1842.  Part  I.  p.  182,  prorea  of  itself  the  inaccuracr  of  his  results. 

L 
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Both  of  these,  like  the  humic  acids,  exist  in  the  soil  as  double- 
salts,  that  is,  in  the  state  of  salts  of  ammonia,  potash,  and 
soda,  combined  with  lime,  magnesia,  and  oxide  of  iron  ; being 
also  partly  soluble,  and  partly  insoluble  in  water,  and  change- 
able into  soluble  salts  by  means  of  ammonix 

The  composition  of  these  acids  is  the  following : — 

Apocrenic  acid 

Crenic  acid,  0^® 

These  acids,  of  course,  never  exist  uncombined  in  the  soil- 
They  unite  intimately  with  ammonia,  so  as  to  exhibit  the  cha- 
racters of  quaternary  substances.  Treated  with  potash,  how- 
ever, at  an  elevated  temperatiu-e,  this  ammonia  is  completely 
separated.  But  these  acids  are  also  combined  in  the  .soil  with 
other  bases;  in  such  a manner,  that  the  ammonia  forms  almost 
always  a component  part  of  a double  apocrenate  or  crenate  of 
potash,  soda,  lime,  magnesia,  or  oxide  of  iron. 

From  the  three  soils  above  mentioned  (p.  146),  as  well  as 
from  others,  the  following  crenates  and  apocrenates  were  ob- 
tained, either  in  the  state  of  double  apocrenates,  or  of  simple 
crenates  of  ammonia  and  of  copper,  according  to  the  mode  of 
preparation.  These  acids,  like  the  ulmic,  humic,  and  gei'c 
acids,  are  extremely  difficult  to  dry,  and  when  dried  at  the 
same  temperature,  they  retain  different  proportions  of  water, 
which  increases  as  the  quantity  of  base,  in  combination  with 
the  acid,  decreases.  From  these  soils  were  obtained  apocre- 
nates of  oxide  of  copper  and  of  ammonia,  the  organic  constf- 
tiients  of  which  gave  the  following  formulae  : — 

C48H12024  -p  U NH8  + 6 Aq. 

C48H12  024  + iNHS  + lOAq.* 

The  apocrenic  acid  is  an  acid  which  saturates  five  equivalents, 

* Scheik.  Ondsnock.  Vol.  ii  p.  99. 

ApocrensU  of  anunonU,  from  two  kind*  of  toils,  »t  284*  Fahr. 


Pound. 

Atoms. 

CsleuUted. 

I. 

II. 

c 

81.89 

80.83 

48 

81.68 

H 

3.78 

4.18 

214 

3.78 

N 

3.37 

4.09 

14 

8.74 

0 

40.99 

40.92 

29 

40.82 

:*KH*  + 6H0 
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either  of  base  or  of  water.  It  is  thus  a five-basic  acid, — at 
least  the  artificial  acid  is  so.  That  which  exists  in  the  soil 
may,  perhaps,  be  able  to  combine  with  a greater  number  of 
equivalents  of  water,  or  of  bases,  as  the  humic  class  of  acids 
does. 

There  are  several  modes  of  preparing  an  artificial  apocrenic 
acid,  two  of  which  are  of  especial  importance,  in  connection 
with  the  subject  we  are  now  considering. 


Apocrenate  of  ammonia,  from  two  other  kinds  of  soils,  at  284°  Fahr. 

Found. 

Atoma 

Calculated. 

L II. 

C 

48.37  48.18 

48 

49.24 

H 

3.90  4.04 

234 

8.94 

N 

1.11  1.48 

i 

1.19 

0 

46.62  46.30 

84 

46.63 

-C^HUO^  + INBP  + IOHO 

Apocrenate  of  ammonia,  from  humic  acid  prepared  from  sugar  hr  nitrie 

add,  at  230°  Fahr. 

Found. 

Atoms. 

Calculated. 

C 

65.43 

48 

65.10 

H 

3.49 

17 

3.19 

N 

2.98 

1 

2.66 

0 

38.10 

26 

39.05 

= C«H“0*‘  + NH>  + 2H0 

Neutral  apocrenate  of  ammonia 

and  lead,  at  280° 

Fahr. 

Found. 

Atoms. 

Calculated. 

C 

28.97 

48 

29.98 

H 

1.88 

17 

1.78 

N 

1.80 

1 

1.45 

0 

22.67 

26 

21.20 

PbO 

44.68 

4 • 

45.64 

o 

C*»H“0*‘  + NH>  + 4Pb0  + 2H0 

Anhjdrona  apocrenic  acid. 

Found. 

Atoma 

Calculated. 

C 

59.06 

48 

59.00 

H 

2.87 

12 

2.41 

0 

88.07 

24 

88.69 

Crenate  of  ammonia  from'  an  arable  soil,  at  284*  Fahr. 

Found. 

Atoma 

Calculated. 

C 

45.98 

24 

45.69 

H 

6.50 

17 

6.27 

N 

3.88 

1 

4.41 

0 

45.64 

18 

44.73 

„ C“  H«  0“  +N  H>  + 2 H 0 
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When  humic  acid,  in  whatever  way  prepared,  or  wood  cliar- 
coal,  is  exposed  to  the  action  of  nitric  acid,  apocrenate  of  am- 
monia is  produced.  Thus  in  every  case,  where  humic  acid 
can  be  formed  from  bodies  by  nitric  acid,  apocrenate  of  am- 
monia is  the  final  product.  For  instance,  phloridzine  is  con- 
verted into  phloretine  and  grape  sugar  by  diluted  nitric  acid ; 
this  grape  sugar  again  into  humic  acid,  and  the  humic  acid 
into  apocrenic  acid, — all  by  the  same  nitric  acid.  Thus 
phloridzine,  when  acted  upon  by  nitric  acid,  gives  apocrenic 
acid,  though  always  in  combination  with  ammonia,  as  repre- 
sented by  the  formula ; — 

C‘8  H12  02<  + N H3  -f.  2 H 0 

This  is  the  composition  of  a compound  produced  by  the 
action  of  nitric  acid  upon  humic  acid  from  sugar,  from  soil, 
and  from  turf,  and  dried  at  284°  Fahr.,  and  which  is  thus  an 
apocrenate  of  ammonia.  The  same  substance,  if  saturated 
with  ammonia,  and  dried  at  248°  Fahr.,  gave 
C48  H12  024  -I-  3 N H»  3 Aq. 

And  again,  a lead-salt,  from  neutral  acetate  of  lead  and  a 
solution  of  neutral  apocrenate  of  ammonia,  dried  at  230° 
Fahr.,  gave 

C48  H12  024  -P  N H*  0 -I-  4 Pb  0,  Aq. 

It  is  probable,  that  the  last  atom  of  water  might  be  separated 


Crenate  of  ammonia,  from  another  cultivated  soil, 

, at  284*  Fahr. 

Found. 

Atoms. 

Calculated. 

C 

• 45.77 

24 

45  53 

H 

6.35 

5.11 

N 

1.94 

k 

2.20 

0 

46.94 

18 

47.16 

_ 

2 (C**  H“  0“  + H 0)  + N H«  + H 0 

Crenie  acid,  from  a third  kind  of  arable  soil,  at  284*  Fahr. 

Found. 

Atoms. 

Calculated. 

C 

46.87 

24  • 

46.78 

H 

4.97 

15 

4.77 

0 

48.16 

19 

48.45 

= (?‘H'«ow  + sno 

The  erenatee  and  npocrcnatee,  wpanited  from  the  rnltivated  noil*  a*  veil  aa 
thecrenic  avid,  the  analyse*  of  vhich  arc  above  given,  were  all  in  eoiahinatioa 
with  oxide  of  copper. 
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at  a higher  temi)crature,  but,  as  the  salt  is  readily  decomposed 
and  difficult  to  be  dried,  this  has  hot  been  attempted. 

We  are,  therefore,  entitled  to  call  the  artificial  acid  a five* 
basic  one.  Like  the  ulmic,  humic,  and  gei'c  acids,  it  belongs 
to  the  gelatinizing  substances,  -which,  like  alumina,  exhibit 
different  characters  in  relation  to  water,  bases  and  acids, 
according  to  the  difference  of  circumstances  ; — by  which  pro- 
perty it  is  enabled,  both  to  absorb  a large  proportion  of  wa- 
ter, and  to  combine  with  several  bases  at  once.  Nay,  it  is  by 
this  five-basic  character  that  insoluble  apocrenates — for  in- 
stance that  of  oxide  of  iron — are  rendered  soluble  in  water,  by 
being  combined  into  double  salts  with  soluble  apocrenates.  In 
virtue  of  this  property,  plants  may,  along  with  the  four  organic 
elements,  either  be  supplied  with  several  bases  at  once,  or  these 
bases  may  be  alternately  exchanged,  according  as  the  propor- 
tion of  a more  powerful  base  in  the  soil  is  less,  and  that  of  a 
more  feeble  one,  temporarily  greater.  Tliere  may  exist,  for 
example,  apocrenates  represented  by  the  following  formulae, 
which,  being  all  soluble  in  water,  and  existing  in  the  soil, 
can  be  supplied  as  food  to  plants : — 

C48H12  021  -b  5 NHiO 
C’48  H12  024  + 4 N 0 -f-  K 0 

C48  H12  024  -b  3 N H4  0 -f-  K 0 + Ca  0 

C48H12  024  + 2 NH40  -b  KO  + CaO  -b  MgO 

C’48  H12  024  -b  N H4  0 -b  K 0 -b  Ca  0 -b  Mg  0 +Fe  0 

For  this  reason,  the  apocrenic  acid  is  of  inestimable  value  to 
plants,  and  in  the  series  of  substances  which  are  useful  to 
them,  it  deserves,  no  doubt,  a much  higher  rank  than  the 
humic  class  of  acids. 

It  is  from  the  latter,  that  the  apocrenic  acid  is  produced  in 
the  soil  We  have  seen,  that  when  nitric  acid  acts  upon 
hnmic  acid,  apocrenate  of  ammonia  is  produced.  This  action 
takes  place  in  such  a way,  that,  when  nitric  acid  is  poured 
upon  humic,  ulmic,  or  gei'c  acid,  in  whatever  way  these  acids 
may  be  prepared,  formic  and  oxalic  acids  are  simultaneously 
produced.  From  two  equiv.  of  humic  acid,  for  example,  and 
N Q45  (one  of  nitrogen,  and  45  of  oxygen)  derived  from  nitric 
acid,  are  formed, — 
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C80 

Hso 

N 

075 

1 equiv.  of  apocrenic  acid,  ... 

o 

00 

H12 

024 

1 equiv.  of  ammonia 

.. 

118 

N 

12  equiv.  of  formic  acid 

. C2< 

H12 

036 

4 equiv.  of  oxalic  acid. 

..  C8 

012 

3 equiv.  of  water,  

• 

H3 

03 

C80 

H30 

N 

075 

During  this  action  of  nitric  acid  on  humic  acid,  which  takes 
place  with  much  vehemence,  deutoxide  of  nitrogen  is  abun- 
dantly given  off. 

It  is  thus  that  apocrenic  acid  is  formed  in  the  soil,  but  of 
course  accompanied  by  the  production  of  carbonic  acid,  in- 
stead of  either  oxalic  or  formic  acid.  The  ammonia  of  the 
soil, — produced  in  it  from  the  atmospheric  air  it  has  ab- 
sorbed,— may,  by  the  influence  of  decaying  organic  substances 
and  water,  be  converted  into  nitric  acid,  and  no  doubt  is  so 
when  the  bases  required  for  nitrification  are  present.  Salt- 
petre was  long  extracted  from  the  soil  exclusively,  as  in 
many  places  of  Egypt,  India,  &c.  By  the  oxygen  of  the  atmo- 
spheric air  contained  in  the  soil,  the  hydrogen  and  nitrogen 
of  the  ammonia — produced  from  the  constituents  of  the  air 
— are  oxidized,  water  and  nitric  acid  being  the  products. 
But  this  nitric  acid,  as  soon  as  it  is  formed,  meets  with  a sub- 
stance in  the  soil — humic  acid  or  humin — which,  by  its  in- 
fluence, is  converted  into  apocrenate  of  ammonia,  and,  at  the 
sametlme,  produces  carbonic  acid,  instead  of  formic  and  oxalic 
acids.  This  change  of  humic  acid  into  apocrenic  acid  takes 
place  in  minute  quantities,  as  is  the  case  with  the  formation 
of  ammonia  which  precedes  it.  Thus,  to  form  1 equivalent 
of  apocrenic  acid,  there  are  required  2 equiv.  of  humic  acid, 
1 equiv.  of  ammonia,  and  76  equiv.  of  oxygen,  thus: — 


C80 

H33 

N 

0106 

1 equiv.  of  apocrenic  acid, 

...  C<8 

H12 

024 

1 equiv.  of  ammonia, 

32  equiv.  of  carbonic  acid. 

...  C32 

H3 

N 

064 

18  equiv.  of  water 

... 

H18 

018 

C80 

H33 

N 

0106 
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In  this  production  of  apocrenic  acid,  the  ammonia  from  the 
huraate  of  ammonia  is  only  transferred  to  the  apocrenic  acid, 
but  it  performs  an  intermediate  part,  namely,  the  fixing  of 
oxygen.  Through  the  tendency  of  ammonia  to  form  nitric 
acid,  the  o.xygen  of  the  atmospheric  air  contained  in  the  soil 
is  combined  with  the  constituents  of  the  humic  acid,  the 
ammonia  itself  remaining  unchanged,  neither  leaving  the 
soil,  nor  being  oxidized  into  nitric  acid.  If  there  be  not  an 
abundance  of  organic  matter,  and  if  the  air  be  moist,  and 
lime,  magnesia,  or  potash,  be  present,  ammonia  is  first  pro- 
duced, and  afterwards  nitric  acid.  If,  on  the  contrary,  instead 
of  these  bases,  organic  substances  are  in  excess,  humic  acid 
is  fonned  by  their  decay ; at  the  same  time,  ammonia  is 
produced  from  the  nitrogen  of  the  atmosphere ; and,  finally, 
apocrenate  of  ammonia,  carbonic  acid,  and  water. 

This  formation  of  apocrenate  of  ammonia  by  the  oxidation 
of  humate  of  ammonia,  is  continually  going  on  in  the  soil 
during  the  warmth  of  summer  (except  on  the  very  surface, 
which  is  directly  exposed  to  the  air).  Each  minute  por- 
tion produced  can  be  taken  up  by  the  roots  of  plants,  in  the 
form  of  double  apocrenates  of  ammonia  and  various  fixed 
bases,  provided  there  be  a sufficient  supply  of  water  at  hand ; 
and  whilst  in  this  way  the  soil  loses  its  apocrenates,  a new 
portion  of  apocrenate  of  ammonia  is  formed  from  the  humic 
acid  or  humin,  which  is  present  in  large  excess. 

Thus  we  may  call  the  production  of  apocrenic  acid,  in  one 
respect,  an  organic  nitrification.* 

We  have  hitherto  represented  the  apocrenic  acid  as  formed 
directly  from  the  humic  acid.  But  the  existence,  in  the  soil,  of 
a substance  which  is  composed  of  0^^,  instead  of 

C<o  H12  Q12 — namely,  the  gei'c  acid — renders  it  probable  that 
the  apocrenic  acid  derives  its  origin,  not  from  humic,  but 
from  geVc  acid,  the  several  acid  substances  succeeding  each 
other  in  this  order, — ulmic,  humic,  geic,  apocrenic  acid  This 
series  is  concluded  by  a fifth  important  substance,  a final  pro- 
duct of  the  oxidation  of  organic  substances  before  they  are  en- 
tirely changed  into  carbonic  acid  and  water, namely,fr<jn/cac!<i. 

The  composition  of  this  acid,  as  already  mentioned,  is. 

* For  the  facte  apon  which  these  propositions  are  foiindeii,  see  Scheik- 
Onden.,  rol.  ii. 


Digitized  by  Google 


168 


THB  OHEtfISTBT  OF 


C24  H12  Oifi.  It  also  is  combined  with  ammonia  in  the  soil, 
and  forms  double  salts  which  are  soluble  in  water.*  These 
exist,  along  with  the  apocrenates,  in  all  kinds  of  water, 
which  have  been  in  contact  with  organic  substances  in 
the  soil  They  were  first  found  by  Berzelius,  in  spring-water; 
they  exist  also  in  the  water  of  ditches,  marshes,  and  bogs. 
The  crenate  of  ammonia,  when  combined  with  oxide  of  copper, 
contains  also  a variable  per  centage  of  water  and  ammonia, 
like  the  apocrenates  of  ammonia  obtained  in  the  above-men- 
tioned analyses  of  different  soils  (page  136).  The  specimens 
analysed  gave,  after  subtraction  of  the  oxide  of  copper : — 
C24H12  016  -p  N II<  0 -I- Aq. 

2 (C2*  H12  016)  -f-  N HI  0 -P  2 Aq. 

According  to  the  atomic  weight  of  crenate  of  ammonia,  as 
determined  by  Berzelius,  the  crenic  acid  is  four-basic.  Of 
this  acid,  therefore,  the  following  series  of  combinations  may 
exist  in  the  soil : — 

C24  H12  016  -P  4 N H*  0 
C24  hi2  016  -p  3 N H*  0 -P  K 0 
C24  hi2  016  -p  2 N 0 -P  K 0 -P  Ca  0 
C24  H12  016  + N O-pKO-pCaO-pMgO 
Just  as  in  the  apocrenates,  there  will  be  in  these  salts  a 
larger  portion  of  crenate  of  ammonia,  according  as  the  quantity 
of  ammonia  in  the  soil  is  increased.  Now,  during  the  warmth 
of  summer,  the  moist  air,  contained  in  the  soil,  has  a continual 
tendency  to  form  ammonia.  Among  the  bases  of  the  crenates, 
therefore,  the  ammonia  will  be  the  most  prevalent,  just  as  in 
the  case  of  the  apocrenates. 

Berzelius  has  stated,  that  apocrenic  acid  is  easily  formed 
from  crenic  acid,  by  the  action  of  atmospheric  air.  Oxygen 
is  absorbed,  and  nothing  but  water  produced  : — 

C H O 

2 equiv.  of  crenic  acid 48  24  32 

1 equiv.  of  apocrenic  acid,  ...  48  12  24 

Difference 12  8 

Add  4 of  oxygen  from  the  air,  4 

12  of  water  produced,  12  12 

* 8««  Um  not*  M pag«  tSS. 
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But  Berzelius  has  remarked  that,  on  the  other  hand,  apoci^ 
nic  acid  can  be  converted  into  crenic  acid  b7  nitric  acid : — 

C H 0 

1 equiv.  of  apocrenic  acid,  ...  48  12  24 

1 equiv.  of  crenic  acid 24  12  16 

Direrence,  24  8 

Oxygen  from  the  nitric  acid,  ...  40 

24  equiv.  of  carbonic  acid,  ...  24  48 

By  the  continual  tendency  to  nitrification  in  the  soil,  there- 
fore, apocrenic  acid  must  always  be  converted  into  crenic 
acid,  the  series  of  ulmic,  humic,  geic,  and  apocrenic  acids, 
thus  terminating  with  crenic  acid.  In  the  upper  layer  of  the 
soil,  however,  where  the  air  is  not  inclosed,  and  consequently 
no  tendency  to  nitrification  exists,  crenic  acid  must  con- 
versely be  changed  into  apocrenic  acid. 

All  that  we  have  said  here,  regarding  the  formation  of  the 
apocrenic  and  crenic  acids  from  the  ulinic,  humic,  and  geic 
acids,  through  the  influence  of  warmth  and  moist  inclosed  air, 
applies  also  to  charcoal,  and  generally  to  all  coaly  substances. 
For  we  know  that  from  charcoal  apocrenic  acid  is  formed  by 
the  action  of  nitric  acid.  We  need  not  repeat  that  charcoal 
must  of  necessity,  promote  the  growth  of  plants,  because, 
through  the  organic  nitrification  already  described,  which 
takes  place  in  moist  charcoal  containing  atmospheric  air,  first, 
ammonia  is  formed,  and  then,  as  this  becomes  oxidized,  nitric 
acid  and  water.  By  this  acid,  again,  the  charcoal  is  changed 
into  apocrenic  acid  and  ammonia,  and  this  apocrenic  acid,  by 
the  progressive  organic  nitrification,  is  converted  into  crenic 
acid.  Thus  it  is  not  at  all  singular,  that  by  means  of  moist 
charcoal  mixed  with  wood -ashes,  the  growth  of  plants  should 
be  promoted. 

This  brief  exposition  of  the  peculiar  changes  which  take 
place  in  the  soil,  may  now  be  brought  to  a close.  They  are 
rofficiently  plain  of  themselves.  One  point,  however,  remains 
to  be  noticed.  The  ulmic  acid  is  produced  from  organic  sub- 
itances — for  instance,  from  those  which  are  neutral,  such  as 
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cellulose  (woody  fibre),  starch,  &c. — carbonic  acid  being  pro- 
duced at  the  same  time.  Thus  if 

C H 0 

From  2 equiv.  of  cellulose,  ...  48  42  42 


We  take  1 equiv.  of  ulmic  acid, 
8 equiv.  of  carbonic  acid, 

14  equiv.  of  water, 


40  14  12 

8 16 
14  14 


Or  the  sum,  48  28  42 

— then,  of  the  42  equivalents  of  hydrogen,  14  are  still  wanting, 
which,  during  the  rotting  or  the  slow  decay  of  wood,  must 
be  otherwise  worked  up.  In  fact,  this  hydrogen,  in  the  nas- 
cent state,  promotes  the  production  of  ammonia  from  the 
nitrogen  of  the  air.  Such  is  the  case,  also,  in  the  formation 
of  apocrenic  and  crenic  acids.  For  instance,  if 

C H 0 

From  2 equiv.  of  humic  acid, 80  24  24 

We  take  1 equiv.  of  apocrenic  acid,  ...  48  12  24 


There  remain,  32  12 

So  that,  by  the  absorption  of  64  equivalents  of  oxygen  from 
the  atmosphere,  all  the  carbon  would  be  converted  into  car- 
bonic acid,  and  again  12  equivalents  of  hydrogen  would  be 
left  behind. 

It  deserves  particular  notice,  that  hydrogen  is  always  libe- 
rated ■whenever  those  substances  which  are  the  most  gene- 
rally diffused  in  the  vegetable  kingdom,  are  changed  into 
constituents  of  the  soil — that  is,  when  cellulose,  starch,  gum, 
sugar,  kc.,  are  in  a state  of  decay.  First,  these  substances 
are  converted  into  ulmic  acid,  and  that  again  becomes  bumic 
acid ; from  this,  gei'e  acid  is  formed,  which  again  produces  apo- 
crenic acid,  and  from  that,  finally,  crenic  acid  is  derived.  This 
whole  series  of  transformations  must  be  passed  through,  before 
the  organic  substance  is  converted  into  carbonic  acid  and 
water.  The  whole  process  consists  in  an  oxidation,  and  so  may 
be  called  a slow  combustion.  It  is  evident,  from  the  composi- 
tion of  the  five  substances  mentioned,  that  during  the  forma- 
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tion  of  humus  a new  quantity  of  oxygen  is  continually  fixed. 
Thus — 

Ulmin  and  ulmic  acid, 0^2 

Oxygen  from  the  air,  0® 


Form,  

Which  is  equal  to — 

Humin  and  humic  acid, 

2 equiv.  of  water,  


C40  H14  01* 

C40  H12  012 
H2  02 


Again, — 

Humin  and  humic  acid, 
With  oxygen  from  the  air. 


C40  H14  01* 

C40H12O12 

02 


Form  gei'c  acid,  C*®  1112  Qi* 

Or,  let  us  suppose  that  cellulose  is  at  once  converted  into 
a portion  of  each  of  the  three  acids — the  ulmic,  the  apocrenic, 
and  the  crenic  acids.  Then  we  have — 

Ulmic  acid C*o  H14  012 

Apocrenic  acid,  ...  C*8  1112  024 
Crenic  acid C24  H12  016 


Making  together,  ...  CH2  0^2 
When  these  three  acids  are  thus  produced  from  cellulose — 
carbonic  acid  and  water  being  formed  at  the  same  time — 
thirty  of  hydrogen  (H3®)  remain  behind.  Thus — 

5 equiv.  of  cellulose,  Ci20  Hi®®  Oi®® 

Ulmic,  apocrenic  and  crenic  acids  as  above,  CH2  H^s  0®2 

37  equiv.  of  water,  H37  0®7 

8 equiv.  of  carbonic  acid,  C®  Oi® 

30  equiv.  of  hydrogen,  IP® 

C120  11105  01®® 

Thus,  in  whatever  way  we  suppose  the  decomposition  of 
cellulose,  starch,  gum,  sugar,  &c.,  to  take  place,  there  is  always 
an  excess  of  hydrogen.  This  may  be  shown  by  two  additional 
examples : — 
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Firgt,  suppose  ulmic  acid  to  be  changed  into  crenic  acid. 
Then — 


Ulmic  acid,  

...  C*0Hi«O>* 

With  36  equiv.  of  oxygen  from 

the  air,  

08« 

Make  together, 

C40  0« 

Which  are  equal  to— 

Crenic  acid,  

...  C24H12Q1* 

16  equiv.  of  carbonic  acid. 

...  Ci«  032 

2 equiv.  of  hydrogen,  ... 

H2 

C40  hh  0« 

Second,  suppose  all  the  carbon  from  ulmic,  apocrenic,  and 
crenic  acids  to  be  oxidized  by  the  oxygen  of  the  air,  then 

we  have — 

Ulmic  acid,  

..  C<0Hi«Oi» 

Apocrenic  acid,  

..  C«IU2  02« 

Crenic  acid,  

..  C2‘Hi2  0i« 

C112  H38  052 

Add  to  this  1 72  equiv.  of  oxy- 1 

0172 

gen  from  the  air,  ...  j 

CU2  H38  0224 

And  deduct  112  equiv.  of  car- 1 

Cl  12  0224 

bonicacid,whichareformel,  ) 

And  there  remain  38  equiv.  of  1 

H38 

hydrogen,  j 

This  hydrogen,  when  liberated,  is, 

, no  doubt,  to  a great 

extent,  oxidized  into  water ; but,  while  becoming  free,  it 
promotes  the  formation  of  ammonia  from  the  nitrogen  of 

the  air,  and  this  again  of  saltpetre. 

In  the  same  way,  as  we 

have  already  seen,  the  repeated  formation  of  apocrenic  and 
crenic  acid  in  the  soil  is  effected. 

From  what  has  been  stated,  the  observation  of  de  Saussure, 
that  the  soil  yields  just  as  much  carbonic  acid,  as  it  absorbs 
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of  oxygen — cannot  possibly  be  accurate  ; for  the  existence  of 
nlmic,  apocrenic,  and  crenic  acids  in  the  soil,  contradicts  his 
theory. 

We  now  approach,  in  its  natural  order,  the  important 
question,  whether  plants  take  organic  substances  from  the 
soil — as  crenates  and  apocrenates,  geatcs,  humates,  and  ul- 
mates,  for  example — or  whether  they  live  only  on  carbonic 
acid,  ammonia,  and  water;  or  whether  they  do  both.  It 
were  useless  to  enter  here  into  a proli.x  exposition  of  what 
is  known  on  this  subject,  since  it  more  properly  belongs  to 
the  chapter  ou  the  nourishment  of  plants.  We  shall  here,  there- 
fore, advert  only  to  what  is  supplied  to  plants  from  the  atmo- 
sphere and  from  the  soil,  in  addition  to  the  substances  we  have 
hitherto  spoken  of,  and  which  are  never  wanting  in  an  arable 
soil  We  intend  to  show  what,  besides  the  substances  al- 
ready mentioned,  they  may  absorb  ; and  inquire  afterwards 
what  they  do  really  absorb,  and  in  what  way  the  component 
parts  of  plants  are  thence  built  up. 

The  black  layer  of  soil,  as  regards  its  organic  portion,  is 
composed  of  insoluble  ulmin  and  humin,  of  soluble  ulmates, 
humates,  gftites,  apocrenates  and  crenates  of  ammonia,  potash, 
toda,  lime,  magnesia,  and  oxide  of  iron.  Till  recently  the 
opinion  prevailed,  that  the  humic  acid  was  the  especial 
feeding  substance  of  plants  ; — that,  in  certain  circumstances, 
it  could  become  soluble  in  water ; and  that  this  solution  of 
humic  acid  was  absorbed  by  the  roots  of  plants,  new  sub- 
stances l^eing  formed  from  it  in  the  plant  itself:  for  this  humic 
*cid  is  composed  of  carbon,  hydrogen,  and  oxygen,  three  of 
the  four  elements  of  which  all  the  parts  of  vegetables  and  ani- 
inab  are  built  up.  The  fourth  element,  namely,  the  nitrogen, 
caused  some  difficulty.  It  was  not  found  in  the  humic  acid, 
prepared  from  sugar,  and  it  was  overlooked  in  the  acid,  which 
exists  in  the  soil  (Sprengel).  Thus,  an  essential  part  of  what 
« required  to  form  organic  substances,  was  still  wanting. 
Boussingault  thought  that  this  fourth  element,  the  nitrogen, 
was  condensed  from  the  atmosphere  in  the  soil ; he  did  not, 
however,  indicate  how  this  takes  place. 

The  ancient  idea  was,  that  plants  take  all  their  food  from 
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the  soil  But  this  was  contradicted  by  a great  many  obser- 
vations. First,  many  plants  live  in  the  atmosphere  only  ; of 
others,  the  roots  are  fixed  in  the  soil,  but  in  such  a soil  as 
contains  only  a small  quantity  of  soluble,  and  even  of  organic 
substances — at  all  events,  much  too  little  to  supply  nourish- 
ment to  the  plants.  It  is  a known  fact,  that  from  good  clay 
soils,  which  contain  only  a small  proportion  of  organic  sub- 
stances, thousands  of  pounds  of  vegetable  produce  are  reaj>ed 
every  year,  although  few  or  no  organic  substances — in  the 
state  of  manures — be  added  to  these  soils.  Are  the  organic 
constituents  of  such  a soil  inexhaustible  ? The  absurdity  of 
this  supposition  is  palpable.  The  example  of  our  heath-lands, 
however,  is  still  more  striking.  A barren  sandy  soil, 
covered  with  a thin  layer  of  organic  substances,  is  ploughed 
and  planted  with  pines.  Nothing  more  is  needed  to  make 
such  a soil  produce,  in  the  course  of  time,  a thick  layer  of 
organic  substances,  though  nothing  be  laid  on  it  from  without 
Here,  therefore,  the  plants  supply  organic  substances  to  the 
soil,  that  is,  they  do  just  the  reverse  of  what  the  old  theory 
supposes. 

If  we  consider,  besides,  that  the  luxuriant  vine  grows  in  a 
handful  of  soil,  which  is  sometimes  artificially  laid  down  in 
the  comers  of  the  rocks ; that  many  Cacti  adhere  to  rocks, 
living  where  no  soil  is  found  at  all ; that  many  Orchidea  are 
really  air-plants,  and  do  not  require  soil  at  all,  but  only  an 
atmosphere  which  is  suited  to  their  nature;  that  in  the  natu- 
ral forests,  whence  thousands  of  pounds  are  every  year  carried 
oflF  for  use,  without  any  thing  being  returned,  the  quantity 
of  organic  substances,  with  which  the  soil  is  covered,  is  con- 
tinually increasing  ; that  not  a few  farms  can  wholly  supply 
their  own  wants,  without  laying  anything  on  the  soil,  except 
the  products  of  the  farm  itself,  though  immense  quantities  of 
beef,  grain,  fruit,  &c.,  arc  yearly  carried  off,  and  that  such  a 
farm  continues  to  be  among  the  most  productive ; that  our 
pastures  are  yearly  deprived  of  immense  quantities  of  orga- 
nic substances  through  our  herbivorous  stock,  which  carry  off 
from  the  land  immense  quantities  of  beef  and  mutton,  exceed- 
ing greatly  the  quantity  of  organic  substances  which  they 
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receive ; that  from  meadows  which  are  never  supplied  with 
an  organic  substance,  immense  quantities  of  hay  are  yearly 
carried  off ; finally,  that  the  naked  rock,  where  no  soil  is  to 
be  found  at  all,  is,  without  any  artificial  aid,  covered  first 
with  mosses,  and  afterwards  with  larger  and  longer  plants, 
till  at  last  it  is  adorned  with  the  most  luxuriant  woods,  and 
covered  with  a continually  increasing  layer  of  black  soil 
(Linntpus,  de  Tellurit  llabitabilU  Incremento);  if  we  add  fur- 
ther the  numerous  other  examples,  which  will  occur  to  every 
one; — then  the  conclusion  is  incontrovertible,  that  it  is  by  no 
means  indispensable  that  the  soil  should  contain  all  the 
substances  which  nourish  plants. 

But  since  plants  require  to  be  fixed  in  the  soil,  and  have 
roots  for  that  purpose,  are  we  entitled  to  suppose  that  the 
soil  is  not  indispensable  to  their  nourishment  ? This  can 
by  no  means  be  asserted;  all  that  we  maintain  is,  that  all  the 
materials  ufK>n  which,  in  certain  circumstances,  plants  may 
thrive,  are  not  continually  present  in  the  soil,  and  do  not 
require  to  be  so ; that  these  substances  need  not  constitute  an 
essential  part  of  the  soil. 

In  order,  then,  to  conceive  by  what  means  plants  may  live, 
which  have  either  no  organic  substances,  or  no  sufficient  sup- 
ply of  these  to  live  upon,  it  must  be  borne  in  mind  that  they  re- 
ceive nourishing  substances,  if  not  from,  yet  certainly  through, 
the  soil 

By  the  rain-water,  carbonic  acid  is  carried  down  into  the 
soil,  which  is  already  thoroughly  penetrated  by  the  atmospheric 
air,  and  contains  condensed  ammonia  besides.  Thus  the  four 
organic  substances  are  at  hand  in  the  soil.  The  water,  atmo- 
spheric air,  ammonia,  and  carbonic  acid,  supply  to  the  small 
roots  of  plants  four  primary  materials,  from  which  the  plant 
may  prepare  all  its  organic  parts.  Here,  therefore,  we  see  food 
supplied  to  the  roots  of  plants  through  the  soil,  but  from  the  at- 
mosphere ; and  we  can  conceive  how  a soil  may  be  poor  in 
organic  substances,  and  yet  rich  in  plants. 

When  the  soil  really  contains  organic  substances,  the  plants 
will  thrive  more  luxuriantly  the  more  these  substances  are 
enabled,  by  the  presence  of  water  and  atmospheric  air,  to  sup- 
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ply  carbonic  acid  and  ammonia,  which  are  the  main  requisites. 
Here  we  see  the  vegetable  kingdom  appearing  in  a form  pecu- 
liarly its  own.  The  leaves  which  fall  every  year  are  throwTi 
upon  the  ground,  and  after  a time  are  withdrawn  from 
sight.  If  in  contact  with  a moist  atmosphere,  they  gradually 
turn  brown,  decay,  and  form  a powdery  dark-coloured  sub- 
stance ; — they  putrefy,  and  as  this  jiroccss  goes  on,  they  give 
off  a large  portion  of  carbonic  acid,  which  is  diffused  through 
the  atmosphere,  to  be  taken  up  by  other  plan's.  The  brown 
powdery  residue  of  the  putrefied  leaves  is  ulmin  and  ulmic 
acid,  and  of  itself  is  not  fit  to  be  taken  up  by  plants  in  such 
a quantity  as  is  requisite  for  their  nourishment. 

Finally,  the  putrefying  animal  portions  produce  ammonia, 
and,  at  the  same  time,  carbonic  acid  ; and  during  their  putre- 
faction, yield  a continually  increasing  quantity  of  these. 
Hence  the  reason,  why  the  arable  soil  is  beneficial,  nay,  indis- 
pensable to  the  greater  part  of  plants  ; hence  also  the  utility 
of  animal  and  vegetable  manures,  which  enter  the  roots  of 
plants,  not  in  the  form  in  which  they  are  added  to  the  soil, 
but  in  a state  of  either  partial  or  of  entire  decomposition, 
and  so  in  the  form  of  carbonic  acid  and  ammonia.  Hence 
the  reason  also,  why  soils,  which  contain  either  few  or  no 
organic  substances,  can  yet  enable  plants  to  live  and  thrive, 
because  the  atmospheric  air  carried  in  by  the  rain-water  can 
introduce  into  the  soil,  though  to  a smaller  extent,  the  same 
substances,  which  in  arable  land  can  be  produced  from  humic 
acid  and  manures. 

Though  from  all  these  incontrovertible  facts,  so  beautifully 
connected  together  by  Liebig,  we  have  ascertained,  that  car- 
bonic acid,  water,  and  ammonia,  carried  down  from  the  atmo- 
sphere into  the  earth’s  crust  and  to  the  mots  of  plants,  are  a 
very  healthy  nourishment  for  many  of  them — we  are  not 
thereby  precluded  from  asserting,  that  the  ulmates,  humates, 
and  geates  in  the  soil,  which  are  soluble  in  water,  as  well  as 
the  crenates  and  apocrenates,  can  also  be  taken  up  by  the  roots 
of  plants;  nay  that,  to  a great  many,  they  are  absolutely  indis- 
pensable. We  shall  return  to  this  subject  when  treating  of  the 
nourishment  of  plants.  Here  we  would  only  mention  that 
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some  plants,  for  instance  the  mosses,  which  grow  upon  naked 
rocks,  are  really  fed  exchuitely  by  means  of  the  constituents  of 
the  atmosphere,  carried  down  into  the  soil ; — which  is,  more  or 
Im,  the  case  with  all  other  plants ; — this  fact  being  as  incon- 
trovertible, as  that  very  few  plants  only  can  live  on  carbonic 
acid,  water,  and  ammonia  alone,  and  that  by  far  the  greater 
number  must  find  organic  matters  in  the  soil,  to  live  and 
thrive  upon.  A simple  glance  at  the  practice  of  the  horticul- 
turist establishes  this  truth  in  the  clearest  manner.'* 

We  have,  therefore,  now  become  acquainted  with  the 
atmosphere  as  an  important,  though  not  the  exclusive,  source 
of  nourishment  to  the  existing  races  of  plants. 

The  service  performed  by  the  inorganic  substances  of  the 
earth’s  surface  must  differ,  according  as  they  supply  nourish- 

* Among  the  &ctg  mentioned  by  Liebig,  to  demonstrate  that  carbonic  acid, 
nter,  and  ammonia,  do  in  truth  cxclnsirely  supply  nourishment  to  plants, 
■re  those  relating  to  their  culture  in  powdered  charcoal.  Haring  already 
(p.  16S),  inrestigated  the  ralne  of  this  fact,  I shall  here  add  only  this  further 
illisttation ; — 

Professor  Numan  informs  me  of  peculiarities  with  regard  to  this  point, 
which  well  desen  e to  be  stated. 

Rye,  oats,  buck-wheat,  and  turnips,  were  sown  in  dry  sand,  contained  in  pots, 
the  first  three  ob  the  21st  of  June,  the  turnips  on  the  29th  of  July.  The  up- 
permost layer  was  mixed  with  some  coarse  charcoal  powder  and  peat-ash. 

The  buck-wheat  was  full-grown  in  the  beginning  of  September,  blossomed 
rerr  well,  and  in  the  latter  part  of  that  month  ran  to  seed,  which  ripened. 

The  rye  came  up  at  the  usual  time,  namely,  10  or  12  days  after  sowing.  It 
kad  s fresh  dark-green  colour,  and  reached  in  September  the  height  of  about 
one  span  and  a half. 

The  oats  also  regularly  advanced  in  growth,  and  had  an  uncommonly  beauti- 
ful greenish  bloc  ^colour.  The  plants  reached  the  height  of  24  inches,  and  had 
kroad  and  thick  leaves.  In  the  end  of  September  these  began  to  wither.  A 
lew  ataika  ran  to  seed,  which,  however,  did  not  attain  ripeness. 

The  turnips  also  grew  very  luxuriantly,  and  are  still  perfectly  green  (I  saw 
them  in  January).  They  have  here  and  there  very  good  tubers,  which,  how- 
ever, would  be  much  larger  if  the  seed  had  been  more  thinly  sown. 

It  must  be  remarked,  that  from  the  15th  of  August  to  the  15th  of  Septem- 
ber, but  little  rain  fell,  so  that  the  sand  in  the  pots  was  completely  dry,  and 
they  all  continued  to  grow  luxuriantly,  though  no  water  had  been  supplied  to 
them. 

The  above  seeds,  sown  in  sand  of  which  the  upper  layer  was  mixed  with 
charred  turf  powder,  gave  almost  the  same  results. 

In  sand  alone,  without  the  addition  of  charcoal,  the  seeds  germinated  well, 
hot  the  plants  remained  exceedingly  small,  and  died  without  producing  seed. 
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ment  to  plants  from  the  constituents  of  the  atmosphere,  or 
from  organic  substances  in  the  soil  Their  relation  to  the 
carbonic  acid  is  not  known ; neither  is  it  known  how  they 
supply  ammonia  to  plants,  or  how  carbonic  acid  and  am- 
monia are  influenced  by  decaying  rocks,  wherever  these 
two,  together  with  water,  must  exclusively  constitute  the 
organic  nourishment  of  plants.  Carbonate  of  ammonia,  if 
in  contact  with  the  roots  of  plants,  though  in  a very  di- 
luted solution,  has  always  a poisonous  effect.  It  is  still  unex- 
plained how  those  plants,  which  live  only  on  the  atmosphere, 
are  fed,  and  what  may  be  the  influence  exercised  upon  plants 
by  the  powdery  substances  in  the  soil,  while  supplying  this 
atmospheric  food. 

As  to  the  organic  feeding  substances,  their  relations  are  not 
unknown.  The  bases  combine  with  the  acids,  and  enter  into 
the  plants  in  the  state  of  ulmates,  humates,  geates,  apocre- 
nates,  and  crenates.  There  is,  however,  among  the  inorganic 
substances  in  the  soil,  one  base  entitled  to  particular  notice, 
namely,  alumina.  In  good  arable  land,  it  ought  not  to  be 
absent  Its  use  is  of  importance.  It  combines  with  the  apo- 
crenic  and  crenic  acids  into  compounds  insoluble  in  water ; 
and  it  is,  therefore,  by  this  substance  that  the  whole  quantity 
of  these  acids,  present  in  the  soil,  is  prevented  from  being 
washed  out  by  the  rains.  Sandy  soils  are  especially  liable 
to  this  disadvantage.  The  spring  waters  of  our  moors  are 
coloured  brown  by  apocrenates  ; while,  in  our  clay  soils,  these 
waters  are  colourless,  and  almost  free  from  organic  substances, 
although  they  are  equally  penetrated  by  a layer  of  humus. 
These  two  organic  acids  are  both  thrown  down  from  their 
solutions  by  recently  precipitated  alumina.  (Berzelius,  Lehr- 
buch,  Bd.  8,  S.  401,  and  410.)  The  crenic  acid  can  be  again 
set  free  from  its  combination  with  alumina,  by  ammonia. 
In  small  quantities,  therefore,  it  is  supplied  as  food  to  plants, 
ammonia  being  continually  produced  in  the  soil.  By  the 
alumina  (clay),  as  well  as  by  the  other  bases  in  the  soil,  an- 
other important  service  is  performed,  namely,  that  of  prevent- 
ing these  two  acids  from  being  decomposed  into  carbonic  acid 
and  water,  and  thus  preserving  them  unchanged,  when  once 
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formed  in  the  soil,  for  a very  long  period  of  time,  till  plants 
b^in  to  grow,  to  take  them  up,  and  to  convert  them  into  food. 

In  this  manner,  the  decayed  rocks  again  show  their  close 
and  intimate  connexion  with  organic  nature ; and  we  may 
Urns  understand  how  indispensable  the  dead  earth  is  to  every 
living  being  which  now  exists  upon  it 


Note. — Upon  the  Organic  Acide  in  the  Soil 

I have  been  unwilling  to  interrupt  the  narrative  of  the 
author  in  this  very  interesting  chapter ; or  farther  to  load 
the  pages  with  notes.  I have  reserved,  therefore,  for  this 
place,  a few  remarks  upon  the  organic  acids  in  the  soil  It 
is  now  several  years  since  I made,  and  partly  published,  the 
results  of  an  examination  of  some  of  these  acids,  and  as  these 
results  add  something  to  the  facts  stated  above  by  Mulder,  I 
shall  here  briefly  explain  them. 

1°  At  the  bottom  or  towards  the  lower  part  of  most  of  the 
old  and  deep  peat  bogs  in  Scotland  and  Ireland,  a black  com- 
pact substance  is  here  and  there  met  with,  in  which  no  trace 
of  vegetable  fibre  is  to  be  observed,  and  which,  when  dry, 
breaks  with  the  fracture  and  lustre  of  coal  I have  analysed 
this  substance  from  both  Scottish  and  Irish  bogs,  and  have 
found  it  so  far  to  agree  with  the  humic  acid  of  Mulder,  as  to 
consist,  in  its  organic  part,  of  carbon  and  water  only.  The 
acid,  however,  is  never  in  an  uncombined  state.  It  always 
contains  a trace  of  ammonia,  with  froip  2 to  6 or  8 per  cent, 
of  alumina  or  lime  alone,  or  of  a mixture  of  these  with  oxide 
of  iron. 

2’  Having  received  from  Lord  Willoughby  de  Eresby  a quan- 
fity  of  his  compressed  peat,  prepared  from  the  black  soapy- 
looking  peat  of  his  estates  in  Perthshire,  I digested  a portion 
of  it  in  fine  powder  in  weak  ammonia.  It  swelled  up  very 
much,  became  bulky,  spongy,  and  difiScult  to  wash,  and  gave 
a dark-brown  solution,  from  which  muriatic  acid  threw  down 
a dark-brown  acid.  W'hen  dried  and  analysed,  the  black 
coaly  acid  was  found  to  be  a humic  acid,  containing  carbon 
and  water  only.  The  salt  of  copper,  however,  gave  me  for 
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the  formula  of  the  acid  It  differs,  therefore,  in 

the  weight  of  its  equivalent,  from  any  of  the  humic  acids  of 
Mulder. 

3°  When  treated  with  solutions  of  caustic  potash,  or  of 
carbonate  of  potash,  or  carbonate  of  soda,  the  peat  did  not 
swell  up  as  in  ammonia,  and  gave  a dark-brown  solution, 
from  which  muriatic  acid  threw  down  a brown  flocky  preci- 
pitate, very  different  in  composition  from  that  yielded  by  the 
ammoniacal  solutions.  When  dried,  this  brown  precipitate 
had  the  same  black  coaly  aspect  as  the  humic  acid  already 
described,  but  its  properties  and  composition  differed  consi- 
derably. 

When  heated  in  the  air,  it  gave  off  white  vapours,  and  a 
strong  smell  of  burning  peat.  By  the  application  of  a taper, 
the  vapours  took  fire  and  burned  with  a bright  flame.  The 
humic  acid  obtained  by  ammonia  gave  off  scarcely  a trace  of 
these  vapours,  and  only  a faint  odour  of  burning  peat  The 
smell  aj>peared  to  indicate  that  the  acid  extracted  by  alka- 
line carbonates,  pre-exists  in  the  natural  peat — and  the  white 
combustible  vapours,  that  it  contains  more  hydrogen  than  the 
substance  extracted  by  ammonia 

This  was  confirmed  by  the  analysis  of  portions  of  the  acid 
prepared  at  various  times,  and  precipitated  by  different  acida 
The  formula  for  this  acid  is  0®,  agreeing  therefore 

with  the  ulmic  acids  of  Mulder,  in  containing  an  excess  of 
hydrogen,  but  not  being  reducible  to  his  ulmic  group — the 
excess  of  hydrogen  being  very  much  greater  than  in  his  ulmic 
acid,  and  the  equivalent  containing  only  24  of  carbon,  while 
that  of  Mulder  contains  40  equivalents  of  carbon.  The  dif- 
ference in  the  proportions  of  hydrogen  in  the  two  acids,  will 
be  most  readily  seen  by  comparing  the  formulae  for  the  two 

acids,  supposing  the  equivalent  of  both  to  contain  forty’  of 

carbon  (C^®) : — 

C H O 

Ulmic  acid  from  Frisian  peat  (p.  154),  40  17  15 

Ulmic  acid  from  Scottish  peat, 40  23  15 

Difference, 6 
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The  acids  here  described  agree  with  those  of  Mulder  in 
their  tendency  to  unite  with  several  bases  at  once,  and  thus 
to  form  compounds  soluble  in  water  containing  bases,  with 
which,  when  alone,  they  form  compounds  nearly  insoluble  in 
water.  They  also,  even  when  dry,  absorb  oxygen  and  nitro- 
gen fromtheair,  producing  ammonia  andacids,  containing  more 
oxygen  than  the  humic  and  ulmic  acids.  The  dry  acids  kept 
in  well- corked  bottles,  after  the  lapse  of  twelve  months  had 
absorbed  a considerable  proportion  of  the  air,  and  gave  to 
alcohol  a soluble  salt,  containing  an  organic  acid  in  combina- 
tion with  much  ammonia  It  is  almost  impossible,  as  I have 
found,  to  prepare  a portion  of  the  acid  from  peat  by  means 
even  of  caustic  potash,  which  will  not  give  evidence  of  the 
presence  of  ammonia,  when  burned  with  oxide  of  copper : 
but  it  is  only  after  a prolonged  exposure  to  the  air  that  it  con- 
tains enough  to  give  a decidedly  dark-coloured  solution  when 
boiled  in  alcohol 

4'  It  may  naturally  be  asked,  how,  from  the  same  peat, 
ammonia  and  carbonated  alkalies  extract  substances  so  dif- 
ferent in  composition  ? Both  acids  are  soluble  alike  in  both 
fixed  alkaline  and  in  ammoniacal  solutions ; both,  therefore, 
do  not  exist  ready  formed  in  the  peat.  From  the  resemblance 
of  the  acid  0®  to  the  peat  itself  in  giving  olF  a strong 

odour  of  peat  when  burned,  and,  at  a temperature  of  500°  or 
600°  Fahr.,  white  vapours,  which  condense  among  other  pro- 
ducts into  a white  solid  carbo-hydrogen,  I believe  it  to  exist 
ready  fonned  in  peat,  and  that  the  humic  acid  H12  O'®, 
is  produced  from  it. 

a.  If,  for  the  sake  of  comparison,  we  represent  the  two 
acids  by  formulte,  in  which  the  number  of  equivalents  of 
oxygen  is  the  same — we  should  have 


C H 0 


For  the  one  acid  (ulmic). 

40 

23 

15 

For  the  other  (humic). 

30 

15 

15 

Difierence, 

10 

8 

This  diflTerence  is  equal  to  two  equivalents  of  a carbo- 
hydrogen  C*  H^,  which  may  be  supposed  to  be  present  in  the 
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acid  with  excess  of  hydrogen.  If,  by  a cautiously  regulated 
heat,  such  a compound  could  be  driven  off  from  it,  then  the 
humic  acid  would  be  produced.  When  the  acid  is  dried  at 
too  high  a temperature,  this  sometimes  takes  place  to  a cer- 
tain extent,  and  the  proportion  of  hydrogen  is  in  consequence 
diminished. 

b.  Or  the  acid  0®  may  be  oxidized  by  the  action  of 

ammonia  in  the  presence  of  the  air.  If  this  takes  place  di- 


rectly,  then  each  equivalent  must 

absorb  five 

equivalents  of 

oxygen  from  the  air.  Thus, 

C 

H 

0 

To  the  acid 

24 

14 

9 

Add  from  the  air 

6 

And  we  have 

24 

14 

14 

which  is  equal  to  + 3 H 0. 

This  is  what  I believe  takes  place  either  immediately  or 
ultimately.  This  opinion  is  founded  on  the  fact,  that,  when 
the  acid  obtained  by  means  of  carbonate  of  soda  and  sul- 
phuric acid  was  dissolved  in  diluted  ammonia,  and  boiled  for 
a length  of  time,  the  solution  gradually  acquired  an  acid  re- 
action, and  threw  down  from  a solution  of  sulphate  of  copper 
an  insoluble  dark  brown  compound,  the  organic  part  of  which 
was  represented  by  HH  0^^ — that  is,  the  one  acid  was 

changed  into  the  other. 

6°  On  certain  parts  of  the  rocky  coasts  of  Cornwall,  where 
caves  occur,  the  surface  water  is  observed  to  trickle  through 
the  granite  rock,  and  gradually  to  cover  the  sides  of  the  caves 
with  a deposit  of  greater  or  less  thickness.  This  deposit, 
which  was  first  collected  by  a Mr.  Pigot,  has  been  called 
Pigotite  by  mineralogists.  It  consists  of  an  organic  acid,  in 
combination  with  alumina  in  proportions  which  vary  consi- 
derably in  different  specimens,  showing  that,  like  other  acids, 
it  forms  with  alumina  combinations  in  which  dififerent  pro- 
portions of  acid  and  base  are  present  Some  portions  of  the 
Pigotite  have  the  aspect  and  semi -transparency  of  resin — 
being  in  fact  the  appearance  which  gelatinous  alumina  and 
numerous  gelatinous  compounds  assume  when  they  are  allowed 
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to  dry  slowly  in  the  air.  The  quantity  of  water  present  in 
this  native  product  is  therefore  in  some  degree  variable,  but 
always  large  When  dried  at  212’  Fuhr.,  it  loses  about  26, 
at  300"  about  32  per  cent. 

When  heated  in  the  air  over  the  lamp,  the  compound 
blackens,  but  the  carbon  bums  away  with  extreme  slowness. 
When  reduced  to  powder,  it  dissolves  readily  in  a solution  of 
caustic  potash,  with  the  aid  of  heat,  and  is  thrown  down  again 
by  muriatic  or  sulphuric  acid,  apparently  unchanged.  The 
proportion  of  alumina  in  the  precipitate  may  be  changed  by 
this  treatment,  but  the  organic  acid  itself  is  not  altered  in 
composition.  The  acid  itself  is  separated  from  the  alumina 
with  extreme  difficulty  and  slowness  by  caustic  ammonia, 
and  by  carbonated  alkalies.  In  the  silver  salt  it  is  repre- 
sented by  the  formula  jjs  QS,  and  is  tribasic, — this  quan- 
tity of  acid  uniting  with  3 equivalents  of  oxide  of  silver. 
In  the  native  compound  of  alumina,  the  acid  is  represented 
by- 


C 

H 

0 

Aq 

Native  compound. 

12 

5 

8 

27 

Dried  at  212° 

12 

6 

8 

10 

Dried  at  300° 

12 

5 

8 

S 

The  quantity  of  alumina  present  being  4 double  eqiiivalents. 
But,  as  I have  already  stated,  the  water  varies.  The  alumina 
also  varies  from  44  to  48  per  cent  of  the  dry  salt,  and  is 
present,  no  doubt,  in  different  states  of  saline  combination — 
perhaps  even  in  the  state  of  hydrate.  Traces  of  nitrogen  are 
always  observed  in  the  analysis  of  this  salt,  showing  that, 
like  the  other  acids  formed  in  the  soil,  it  has  a strong  tendency 
to  unite  with  ammonia.  That  this  nitrogen,  however,  does 
not  form  a constituent  part  of  the  acid,  is  shown  by  the  fact, 
that  when  dissolved  in  caustic  potash,  and  precipitated  by  an 
acid,  the  composition  of  the  organic  part  remains  unchanged. 

This  acid  is  obviously  formed  from  the  decaying  vegetable 
matter  of  the  soil  above,  with  the  alumina  of  which  it  com- 
bines, and  from  which  it  is  washed  by  the  rains  or  springs, 
and  descends  through  the  crevices  of  the  rocks  into  the 
caves  below.  The  organic  matter  may  not  descend  in  the 
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form  of  this  acid,  but  may,  as  it  trickles  down  the  sides  of  the 
cavern,  undergo  a further  oxidation,  and  be  converted  into 
this  acid.  It  approaches  veiy'  closely  in  composition  to  the 
crenic  acid,  as  analysed  by  Mulder,  and  may  even  eventually 
be  shown  to  be  identical.  Before  Mulder’s  crenic  acid  was 
analysed,  I had  proposed  for  this  acid  the  name  of  Mude- 
sous  acid. 

6°  When  the  native  Mudesite  of  alumina  is  treated  with 
nitric  acid,  red  fumes  are  given  off,  the  Mudesous  acid  under- 
goes oxidation,  and  a new  acid — the  Mudesic — is  formed, 
which  is  represented  by  the  same  formula  as  the  Mudesous, 
with  the  addition  of  two  equivalents  of  oxygen.  Thus — 

The  Mudesous,  0® 

The  Mudesic Ci2  H«  Qio 

There  can  be  little  doubt,  I think,  that  this  oxidation  takes 
place  in  nature  also,  in  favourable  circumstances ; and,  there- 
fore, that  the  Mudesic  acid  is  sometimes  formed  in  the  soil 

7°  From  what  is  above  stated,  it  appears  that,  to  the  acids 
mentioned  by  Mulder,  several  others  may  be  added  as  occur- 
ring in  certain  circumstances  in  the  soil, — forming  successive 
steps  in  the  series  of  changes  through  which  vegetable  matter 
passes,  on  its  way  from  the  substance  of  the  living  plant 
to  the  state  of  carbonic  acid  and  water,  into  which  it  is  finally 
resolved.  There  are  three  groups  of  acid  and  other  com- 
pounds, into  which  the  organic  substances  of  the  soil  may  be 
arranged : — 

a.  Tlie  /amic  class,  which  may  be  represented  by  carbon 
and  water  only. 

b.  The  ulmte  class,  in  which  the  hydrogen  is  in  excess  ; and 

c.  The  pcic  class,  in  which  the  oxygen  is  in  excess. 

The  acid  extracted  by  ammonia  from  Scottish  peat  belongs 
to  the  first;  that  extracted  by  carbonate  of  soda,  to  the  second; 
and  the  Mudesous  and  Mudesic  acids,  to  the  third.  An 
unwillingness  to  lengthen  this  note,  prevents  me  from  fur- 
ther expounding  this  view,  which,  to  the  scientific  chemist, 
is  perhaps  less  necessary,  as  I shall  hereafter  treat  of  it 
more  fully  in  another  work. — J, 
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CHAPTER  VI. 

GENERAL  ORGANIC  SUBSTANCES. 

Among  the  numerous  organic  bodies,  there  are  some  of 
a complicated  character,  the  composition  of  which  cannot  be 
reduced  to  the  simple  form,  in  which  the  inorganic  binary 
combinations  present  themselves. 

These  so-called  complex  substances  form  a peculiar  groups 
They  are  in  a high  degree  changeable  under  very  different 
conditions, — easily  react  on  substances  externally  applied  to 
them — ^readily  produce  chemical  changes — and  are,  at  the  same 
time,  readily  altered  themselvea  They  are  mutual  combina- 
tions of  certain  other  compounds,  which,  though  they  may  be 
combined  together  into  a state  of  equilibrium,  cau  easily  be 
removed  from  that  state,  in  consequence  of  their  complex 
composition. 

It  is  of  such  complex  bodies  that  the  principal  com- 
ponent parts  of  the  organic  kingdom  consist — bodies  well 
adapted  to  induce  incessant  changes  of  substance,  without 
affecting  the  form  of  the  whole,  and  to  develope  and  per- 
petuate the  chief  characteristics  of  vital  action. 

From  these  fcomplex  substances,  others,  less  complicated,  are 
readily  produced,  either  with  or  without  the  influence  of  an 
organic  whole ; and,  inversely,  from  these  less  complicated, 
more  complex  substances  may  also  be  produced  as  circum- 
stances or  conditions  vary. 

If  we  desire  to  draw  a line  of  distinction  in  this  respect  be- 
tween the  two  organic  kingdoms,  we  may  affirm  that  the 
animal  organism  has  a tendency  to  produce  combinations 
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with  simple,  or  at  least  well  known,  radicals ; the  organism 
of  plants,  on  the  contrary,  to  produce  complex  substances. 
The  former  results,  art  may  more  easily  hope  to  accomplish 
than  the  latter ; thus,  art  is  more  able  to  imitate  the  pro- 
ducts of  the  animal  body,  than  those  of  the  plant. 

We  have  already  stated  (p.  l.*l)  that  the  peculiar  proper- 
ties of  the  two  organic  kingdoms  ought  to  be  ascribed,  first, 
to  the  special  character  of  the  four  elements,  carbon,  hydrogen, 
nitrogen,  and  oxygen — to  which  may  be  added,  sulphur, 
phosphorus,  iron,  and  iodine  ; — that  special  character  in  virtue 
of  which  they  are  capable  of  forming  an  endless  series  of  com- 
binations with  each  other;  and  second,  to  the  circumstances 
in  Avhich  these  elements  are  placed  in  the  organic  kingdom. 
As  we  have  sufficiently  treated  of  these  two  subjects  In  the 
first  chapter,  we  shall  only  remark  here,  with  regard  to  the 
latter  point,  that  carbonate  of  ammonia — which  salt  is 
isomorphous  with  carbonate  of  potash— contains  in  itself  all 
the  four  organic  elements — the  elements  of  innumerable  com- 
binations, that  are  alternately  produced  and  destroyed  in  the 
organic  kingdom.  This  salt,  which  is  called  an  inorganic 
body,  though  it  is  composed  of  the  four  organic  elements, 
contains  within  itself  both  the  materials  and  the  forces, 
from  which  all  that  is  peculiar  in  the  organic  kingdoms  takes 
its  rise.  It  shows  us,  in  the  clearest  manner,  where  we  must 
look  for  their  special  character,  and  where  not. 

The  fundamental  .substances — the  building  materials,  as  it 
were — of  the  organic  kingdom,  are  few  in  number.  Nature 
is  simple  in  her  means, — sublime  in  her  aim, — abundant, 
yea,  one  should  almost  say,  prodigal,  in  the  diffusion  tif  her 
riches.  Out  of  a small  number  of  elements,  in  W’hich  she 
has  deposited,  as  it  were,  infinite  modifications  of  the  .same 
primarj'  force,  she  creates  a few  compound  bodies,  which  may 
be  considered  as  the  foundations  of  the  whole  organic  king- 
dom. She  makes  these  act  upon  each  other,  and  thus  causes 
the  production  of  a variety,  which  the  natural  philosopher 
admires  the  more,  the  deeper  he  penetrates  into  this  ine.x- 
h.austible  treasury. 

These  fundamental  substances,  therefore,  ought  above  all 
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Others  to  be  kiiowu  to  us.  Tljey  are  of  four  kinds,  namely, 
those  which  are  common  both  to  plants  and  to  animals — 
those  which  exist  in  one  of  them  only — those  which  are  pre- 
sent in  neither,  being,  nevertheless,  materials  of  the  organic 
kingdom — and,  finally,  the  so-called  inorganic  substances 
which  occur  in  a state  of  combination  with  the  organic 
substances. 

The  third  division  contains  carbonic  acid,  ammonia,  water, 
atmospheric  air,  humin  and  humic  acid,  ulmin  and  ulmic  acid, 
g«ic  acid,  crenic  acid,  and  apocrenic  acid,  of  which,  altogether, 
the  organic  part  of  our  arable  soils  is  constituted.  The  fourth 
division  contains  salts  of  magnesia,  lime,  soda,  potash,  man- 
ganese and  iron,  with  phosphoric  acid,  sulphuric  acid,  iodine, 
fluorine,  and  chlorine,  and  also  silica  and  alumina, — altogether 
produced  from  decayed  rocks.  All  these  substances,  how- 
ever, belong  to  the  kingdom  of  organic  nature  ; since  whatever 
is  indispensable  to  it,  ought  to  be  considered  as  organic. 
They  belong  to  the  necessary  principles  of  the  organic  king- 
dom, which  cannot  even  be  conceived  to  exist  without  them. 

The  first  division  contains  protein  ; the  second,  for  plants, 
dextrine ; for  animals,  gelatine.  From  dextrine  are  produced 
cellular  fibre,  starch,  gum,  sugar,  and  probably  also  bassorinc  ; 
from  the  starch  are  produced  fats  and  chlorophyle.  All 
these  substances  are  of  general  importance  to  the  chemical 
physiology  of  plants.  We  shall  treat  briefly  of  each  of  them. 
As  to  the  animal  substances,  we  shall  confine  ourselves,  in  the 
present  chapter,  to  a view  of  the  protein  compounds,  the 
gelatines,  and  the  colouring  matter  of  the  blood. 

Upon  these  few  compounds  are  laid  the  foundations  of  the 
animal  and  vegetable  kingdoma  Their  number  may  be  even 
fiirther  reduced,  for  most  of  them  are  produced  from  each 
other.  Together,  they  are  the  source  of  all  the  organic  sub- 
stances found  in  plants  and  animals. 

Having  treated,  in  the  former  chapters,  of  the  atmosphere, 
of  water,  and  of  the  component  parts  of  the  soil,  in  connexion 
with  organic  nature,  we  refer,  for  the  properties  of  the  sub- 
stances contained  in  the  last  division,  to  elementary  works 
upon  general  chemistry.  Here  we  Intend  to  treat,  and  that 
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briefly,  of  the  substances  of  the  first  and  second  division,  and 
especially  of  their  origin.  The  great  variety  of  substances, 
produced  from  them  in  plants  and  animals,  will  find  a proper 
place  when  we  come  to  consider  the  functions,  through  which 
they  are  produced. 

A.  Of  the  Cellular  Substance  of  Plants. 

In  all  plants  there  exists  a small  organ,  of  most  sim- 
ple form,  though  employed  by  Nature  for  most  varied  pur- 
posea  It  is  a small  filmy  sac,  a thin  membrane,  which 
encloses  a small  space,  which  it  enables  to  communicate  with 
the  exterior  space  .through  invisible  pores.  These  little  sacs, 
or  cells,  arc  the  first  and  chief  organs  of  planta  A countless 
multitude  of  them  grouped  together,  forms  not  this  or  that 
part  merely,  but  the  whole  bulk  of  the  plant ; so  that,  if  every 
thing,  except  the  cells,  be  destroyed,  the  shape  and  size  of 
the  plant  are  not  in  the  least  changed  or  diminished. 

These  cells  fit  closely,  and  press  against  each  other,  and 
seem  thus  to  form  a tissue.  A mass  of  them  is  called  cellular 
tissue.  It  is  chiefly  by  means  of  cells  that  nature  produces 
plants,  their  parts  and  organs  ; it  is  chiefly  through  cells 
that  the  innumerable  variety  of  products  in  the  vegetable 
kingdom  comes  into  existence. 

Though  the  external  appearance  of  one  cell  may  be  the 
same  as  that  of  another, — of  one  cellular  tissue  as  that  of  an- 
other— yet  their  functions  are  very  different.  In  investi- 
gating the  functions  of  the  cells,  we  investigate  the  functions 
of  the  vegetable  kingdom.  For  it  is  the  cells  exclusively, 
which  perform  or  contuiue  them,  or  which  produce  organs 
for  the  purpose  of  performing  peculiar  functions.  Hence 
that  diversity  in  the  character  and  shape,  the  arrangement 
and  properties  of  the  cells  in  plants — subjects  which  will 
never  cease  to  engage  the  attention  of  the  investigator  of 
nature. 

ith  regard  to  plants  of  the  most  simple  structure — as, 
for  instance,  some  moulds — the  whole  little  plant  consists 
only  of  a few  cells  linked  together,  each  of  which  can  of  itself 
exist  and  grow,  that  is,  produce  other  cells.  Thus  each 
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cell  is  to  be  considered  as  a little  i>laiit ; as  each  plant  is  to 
be  considered  ns  a collection  of  little  plants,  united  into  one 
Thole  It  is  in  this  chiefly,  that  we  can  perceive  not  only 
the  use,  but  also  the  nature  of  cells  and  plants ; it  is  chiefly 
from  this,  that  we  may  justly  infer,  that  the  most  simple  form 
a plant  can  assume,  is  that  of  a single  cell  (for  instance,  the 
genus  Protococcus  among  the  Algae),  and  that  we  may 
justly  consider  very  complicated  plants,  as  being  formed 
from  an  innumerable  multitude  of  such  simple  little  plants 
They  are  little  filmy  sacs  and  laminae,  composed  of  one  or 
more  chemical  substances,  united  together  into  a small  con- 
care  globule.  In  these  laminae,  and  in  this  sac-like  con- 
nexion of  the  molecules,  the  most  admirable  powers  are  con- 
cealed ; powers  which,  from  the  nature  of  the  substances 
composing  the  laminae,  are  as  multifarious  as  the  modificar 
tions  which  the  primary  forces  of  the  elements,  of  which 
the  laminae  arc  built  up,  can  be  made  to  undergo. 

The  function  of  one  single  series  of  cells  is  of  one  kind 
only.  The  same  substances,  united  into  little  sacs  in  the  same 
manner,  produce  only  one  series  of  vital  phenomena : that 
is,  in  the  most  simple  shape,  the  production  of  new  indi- 
viduals equal  to  the  primary  ones.  Difference  in  form, 
however,  without  a great  difference  in  substance,  enables 
these  series  of  cells  to  perform  more  functiona  This  is  one 
of  the  first  and  chief  laws,  visible  in  organic  nature ; namely, 
that  the  form  has  as  much  influence  on  the  character  of  the 
phenomena,  as  the  substance  of  which  that  form  consists. 
A simple  cell,  extended  to  a filmy  lamina,  would  no  longer  be 
a producing  organ,  or  perform  a function.  Therefore,  in 
the  combinations  of  the  oiganic  molecules,  that  is,  in  bodies 
composed  of  carbon,  hydrogen,  nitrogen,  and  oxygen,  or  of 
three  of  these  elements,  there  exists,  first,  a power  of  forming 
hollow  globules,  just  as  most  of  the  other  elements  have  a 
tendency  to  crystallise  in  symmetrical  forma 

But  in  the  second  place — and  this  peculiarity  is  of  the  ut- 
most importance  to  the  doctrine  of  life — the  effects  of  the 
pnmary  forces,  existing  in  the  molecules,  have  become,  by 
that  combination  of  the  elements  hito  concave  globules,  alto- 
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gether  peculiar.  This  concave  globule  is  an  individual;  that 
is,  in  the  most  simple  form  in  which  it  can  possibly  exist  (in 
the  lowest  moulds),  it  possesses  all  the  powers  of  the  mole- 
cules united  into  one  whole,  and  thus  reduced  to  a state  of 
equilibrium.  This  state  depends  not  only  on  the  nature  of 
the  substances,  and  of  their  elements,  carbon,  hydrogen,  and 
oxygen,  or  carbon,  hydrogen,  oxygen,  and  nitrogen ; but  also 
on  their  form.  The  state  of  equilibrium,  therefore,  could  not 
exist,  unless  this  concave  globular  form  existed.  Moreover, 
this  hollow  globule  possesses  the  whole  of  these  forces  in  a 
state  of  mutual  combination,  co-operating  for  one  end  ; this 
being  a peculiarity  which  also  apparently  depends  on  the 
globular  form. 

Since  these  two  ideas  are  founded  on  pure  observation,  we 
may  steadfastly  adhere  to  them,  and  therefore  correctly  infer, 
that  in  organic  nature,  besides  all  the  peculiarities  existing  in 
the  carbon,  hydrogen,  nitrogen,  and  oxygen,  we  must  suppose, 
as  a chief  consequence  of  this,  a tendency  to  form  membi'ana- 
ceous,  concave,  spherical  little  bodies,  in  which,  because  of 
this  form,  new  peculiar  properties  manifest  themselves,  which 
cannot  be  brought  out  by  other  forms.  Thus  by  matter  and 
form,  by  form  and  matter,  all  that  we  observe  in  nature  is  to  a 
great  extent  determined. 

This  general  conclusion  is  drawn  from  the  innumerable 
phenomena  we  perceive  in  the  organic  world — phenomena 
which  differ,  whether,  on  the  one  hand,  the  materials  are  the 
same,  and  the  forms  differ,  or,  on  the  other,  the  materials 
differ,  while  the  forms  are  the  same. 

If,  therefore,  the  vegetable  kingdom  consisted  of  one  com- 
mon cellular  substance,  this  being  different,  however,  only  as 
to  the  form,  either  in  various  tribes  or  genera,  or  species,  or 
parts,  or  organs  of  plants  ; the  effects  of  the  same  chemical 
body,  of  the  same  cellular  substance,  must,  of  necessity,  be 
different  for  each  different  form.  This  has  in  fact  been  found 
to  be  true.  These  little  individuals,  these  little  cells,  become 
other  individuals  when  different  in  form,  or  when  connected 
together  in  a different  manner,  though  they  consist  almost  of 
the  same  substances.  The  very  smallest  differences  in  the 
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nature  of  the  substances  they  consist  of,  or  witli  which  they 
are  in  contact,  can  infinitely  influence  that  dift’erence  of  form, 
and  thus  the  material  products  of  different  fonns  are  as  in- 
numerable and  as  frequently  modified,  as  the  different  forms 
produced  through  their  difference  in  substance,  are  innume- 
rable and  frequently  modified.  Finally,  if  the  form  and  sub- 
stance are  con.stant,  the  products  of  the  cells  must  also  be 
constant ; if  either  the  form  or  the  substance  of  the  cells  dif- 
fers, these  products  must  be  different 

It  is  only  right,  therefore,  that  they,  who  study  the  doctrine 
of  life,  should  set  the  highest  value  upon  the  knowledge  of 
forms,  and  should  not  rest  satisfied  w'ith  merely  knowing  the 
per  centage  of  the  component  parts,  or  with  merely  enume- 
rating a series  of  chemical  substances,  which  appear  on  the 
analysis  of  an  organic  body,  even  if  it  were  possible  to  get 
only  natural  products  by  an  artijicial  analysis.  It  is  only 
right,  therefore,  that  in  the  present  day  we  should  endeavour 
with  the  utmost  accuracy  to  investigate  the  different  forms 
through  the  microscopie,  to  scrutinize  the  creation  of  forms 
from  forms,  to  name  and  to  classify  these  forma  It  is  proper 
that  we  should  hereafter  expect  from  these  investigations, 
in  connexion  with  the  knowledge  of  the  chemical  character 
of  substances,  the  diffusion  of  some  valuable  light  over  living 
Datura  Finally,  I believe  it  right,  that  we  should  reduce 
everything,  regarding  fonn  and  chemical  character,  to  the 
primary  forces  of  the  molecules,  and  thus,  in  organic  nature, 
to  what  has  originally  been  concealed  in  the  molecules  of 
the  elementary  bodies — oxygen,  hydrogen,  nitrogen,  and 
carbon. 

In  the  cells  of  plants  a great  variety  of  forms  has  already 
been  observed.  But  a great  deal  remains  still  to  be  investi- 
gated. In  some  plants  we  perceive  a difference,  almost  too 
small  to  be  expressed,  in  the  form  of  the  cells,  while  the 
function  p>erformcd  by  them  is  materially  different.  Here,  no 
doubt,  we  ought  to  consider  the  variety,  how  small  soever 
that  variety  may  be,  of  the  materials  of  which  the  cells  con- 
sist, as  the  cause  of  the  difference  in  function.  All  this, 
however,  belongs  to  a field  of  science,  which  has  scarcely 
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been  cultivated,  in  the  expectation  that  chemistry  will,  ere 
long,  make  us  acquainted  with  the  isolated  substances  in  their 
natural  state,  and  that  we  shall  derive  advantage  from  that 
knowledge,  in  the  microscopic  investigations  of  organized 
nature. 

We  may  now  assume  as  a general  law,  that  plants,  which 
perform  but  limited  actions,  possess  cells  which  are  homo- 
geneous, or  which  vary  but  little;  that  the  greatest  diver- 
sity in  the  forms  of  cells  exists  in  plants,  whose  effects  and 
products  are  multifarious ; and  that  series  of  cells  of  the 
same  character  are  grouped  together,  and  thus  mutually  sup- 
port each  other,  in  performing  the  same  function. 

The  cells  of  plants  have  been  scientifically  classified  in  various 
ways,  according  to  their  form,  the  place  they  occupy,  the  man- 
ner in  which  they  are  produced,  and  the  service  they  perform. 
Each  of  these  four  methods  of  arrangemt:nt  has  its  advantages ; 
but  with  reference  to  physiological  chemistry,  and  to  physiology 
itself,  the  third  method  is  the  best  The  labours  of  the  phyto- 
tomists  of  our  time  can  never  be  sufficiently  appreciated,  if  we 
merely  consider  their  efforts  to  introduce  some  order  and  con- 
nexion into  this  difficult  part  of  the  subject  Entirely  different 
views  in  regard  to  the  formation  of  parts  of  plants,  formerly 
regarded  as  distinct  and  separate  organs,  have  been  de- 
rived from  these  researches,  and  we  may  expect  much 
from  such  labours  in  time  to  come.  The  spiral  vessels,  for 
instance,  have  genetically  been  reduced  to  the  simple  cells 
of  plants  ; the  punctured,  fibrous,  and  other  small  organs, 
have  been  reduced  to  their  proper  cellular  character ; and 
in  this  way,  a connexion  has  been  shown  to  exist  among  parts, 
the  origin  of  which  was  formerly  involved  in  total  darkness. 

Besides  the  various  series  of  cells,  to  which  we  shall  after- 
wards advert,  a system  of  vessels  has  in  more  perfect  plants 
been  observed,  the  functions  of  which  have  a great  influence 
on  the  chemical  changes  that  occur  in  plants.  The  walls  of 
these  vessels  appear  to  consist  of  the  same  substances  as 
those  of  the  cells  ; this  point,  however,  is  not  yet  ascertained 
■*'ith  perfect  certainty.  We  shall  afterwards  return  to  this 

ject,  when  treating  of  the  growth  of  the  organs  of  plants. 
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As  to  the  cells,  whatever  may  be  their  shape,  they  all  con- 
sist, when  young,  of  a thin  tender  film,  in  which  we  cannot 
discover  any  pores  even  with  the  microscope,  though  fluids 
pass  through  it  with  great  facility.  For  the  most  part,  we 
cannot  distinguish  in  this  membrane  any  structure  at  all 
Sometimes,  however,  we  may  discover  in  it  spiral-like  fibres, 
lying  parallel,  and  in  contact  with  each  other.  According  to 
Meyen,*  all  sorts  of  cells  do  consist  of  such  spiral-like 
threads,  which  in  the  majority  of  cases  have  ceased  to  be 
discernible,  in  consequence  of  having  been  early  connected  to- 
gether. (See  theory  of  cells  below.) 

The  cell-film  is  for  the  most  part  transparent,  colourless  in 
many  mono-  and  di-cotylydenous,  coloured  in  many  cryptoga- 
mic  plants.  When  coloured  in  the  mono-  and  di-cotylydone®, 
the  tint  is  due  to  the  presence  of  other  substances,  which 
are  either  contained  in  the  cells,  or  have  penetrated  the  sub- 
stance of  the  membrane  itself.  In  general  it  is  exceedingly 
thin,  though  in  this  respect  differences  are  perceptible  in  va- 
rious plants  at  different  ages,  and  even  in  different  parts  of 
the  same  plant  Within  the  wide  original  cell-membrane  of 
the  greater  part  of  plants,  smsdl  particles  are  deposited,  by 
which  the  thin  film  is  thickened.  These  particles  increase, 
especially  with  the  age  of  the  plant  They  are  produced  in 
greatest  abundance  during  the  formation  of  wood,  when  they 
are  not  only  closely  compressed,  but  likewise  by  their  great 
number  cause  the  entire  space  of  the  cells  to  be  filled  up,  so 
as  sometimes  to  give  a considerable  degree  of  hardness  to  the 
whole.  Thus,  while  wood  is  produced,  a hard  substance  is 
secreted,  the  presence  of  which  completely  changes  the  func- 
tion of  the  cells.  For,  in  the  first  place,  every  particle  of 
heterogeneous  matter  laid  down,  either  against  or  in  the  walls 
of  the  cell-film,  must  affect  the  function  of  the  latter ; in  the 
second  place,  so  great  a quantity  of  matter  is  deposited  in  the 
formation  of  wood,  that  the  fluids  are  almost  entirely  pre- 
vented from  passing  through  the  membranes — to  such  an 
extent,  indeed,  that  at  last  the  cells  prove  almost  wholly 
inactive.  But  this  thickening  of  the  walls  of  the  cell-mem- 

■ Pflanzen — Ph;iioIogie,  I.  s.  19. 
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branes  with  other  solid,  and  even  hard  substances,  does  not 
take  place  in  the  formation  of  wood  alone.  Hugo  Mohl  first 
observed  it  even  in  the  parenchymatical  cells  of  the  Hoya 
carnosa,  and  of  the  Banisteria  auriculata. 

The  substances,  with  which  the  cell-membranes  are  thus 
incrusted,  are  not  the  same  in  all  the  incrusted  cells.  I shall 
here  therefore  state  what  we  at  present  know  upon  this  sub- 
ject, and  especially  in  regard  to  the  substance,  of  which  the 
thin  cellular  membrane  in  all  plants,  without  exception,  ap- 
pears to  consist. 

In  all  plants,  both  cellular  and  vascular,  a substance  exists 
which  is  now  called  cellulose,  or  the  cellular  substance  of  plants. 
Of  this  substance  the  young  parts  of  plants  are  to  a great  ex- 
tent built  up.  In  the  pith  it  exists  in  a tolerably  pure  state, 
but  in  the  wood  it  is  always  more  and  more  combined  with 
another  substance  of  a different  composition.  It  is  a substance 
from  which,  besides  the  cells,  other  component  parts  of  plants 
can  be  produced.  This  point,  however,  has  not  yet  been 
sufficiently  investigated  with  the  microscope.  As  the  elemen- 
tary principle  of  the  cells  of  plants,  it  must  be  considered, 
at  all  events,  as  an  Important  substance  in  the  vegetable 
kingdom ; it,  therefore,  deserves  the  first  and  chief  place,  be- 
ing the  building  material,  as  it  were,  of  the  organic  kingdom. 

This  cellular  substance  is  to  be  procured  from  all  the  jwirts 
of  plants,  without  exception,  simply  by  separating  every  other 
substance  by  means  of  solvents.  It  is  thus  very  easily  pre- 
pared. As  it  exists  in  the  young  parts  of  plants,  it  is  one  of 
those  substances,  which  are  first  prepared  from  their  food. 
It  can  originate  only  from  a substance  soluble  in  water,  and 
it  is,  no  doubt,  dextrine  from  which  it  is  produced,  and  which 
must  therefore  precede  its  formation.  But  being  once  pro- 
duced in  any  part  of  a plant,  it  continues  to  exist  there  either 
in  whole  or  in  part.  It  is  present,  therefore,  in  organs  of 
every  iige. 

It  was  formerly  assumed,  that  wood,  if  free  from  all  heteroge- 
neous mixtures,  had  a constant  composition,  the  substance  of 
which  it  consisted  being  called  Ugnine.  Gay  Lussac  and  The- 
nard,  as  also  Prout,  found  the  formula  for  its  composition  to 
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l>e  C*  fl-  Q2,  harmonizing  with  the  starch  series,  H*  0®.* 
From  a great  many  experiments  of  Payen,  however,  it  would 
appear,  that  this  formula  is  not  accurate  ; that  the  substance 
which  converts  cellulose  into  wood,  is  composed  according  to 
the  formula  the  comjxisltion  of  cellulose  Itself 

being 

From  the  experiments  of  Payen  himself,  however,  and  from 
others  made  by  Fromberg  and  by  von  Baumhauer,  men- 
tioned below,  it  appears,  that  the  fonnula  of  cellulose  is  not 
but  C’2^  0*1,  agreeing  not  with  starch,  but 

with  the  soluble  inuline. 

Pure  cellulose  is  easily  obtained  from  the  pith  of  the  elder 
tree,  from  very  young  roots,  and  from  other  young  parts  of 
plants.  From  other  parts  it  is  prepared,  by  digesting  them, 
after  being  minutely  divided,  with  alcohol,  ether,  diluted 
potash,  hydrochloric  acid,  and  water.  In  this  manner,  the 
starch,  gum,  fats,  resins,  vegetable  alkalies,  salts,  sugar, — and 
at  the  same  time  the  peculiar  woody  matter — are  separated. 
The  latter  has  been  called,  by  Payen,  incrusting  matter 
(raati^re  incrustante).  It  is,  however,  deposited  not  merely 
against  the  cellulose,  but  also  between  its  molecules.  The 
name  of  incrusting  matter  is  thus,  strictly  speaking,  inappli- 
cable. After  the  action  of  these  solvents,  and  especially  of 
the  alkali,  the  cellulose,  which  was  fonnerly  solid  and  dense, 
appears  in  a spongy  form.'f'  The  following  substances,  when 
previously  purified  in  this  manner,  gave  always  the  same 
residts  for  the  composition  of  cellulose:  namely,  the  ovula  of 
almonds,  of  apples,  of  the  Ilelianthus  annuus,  the  sap  of 
cucumbers,  the  tissue  of  the  cucumber,  the  pith  of  the  elder 
tree,  the  pith  of  the  AJschynomene  paludosa,  cotton,  the  ex- 
tremities of  roots  (spongioles),  wood  sufficiently  extracted, 
the  leaves  of  endive,  and  of  Aylanthus  glandulosa,  the 


* Gay  LuAHac  and  Tbcnard  have  found  in 
Oak*wo<xl.  Beeclk-wood. 

Atoms. 

Calculated. 

c 

52.53 

51.45 

3 

60.48 

H 

5.60 

5.82 

2 

6.49 

0 

41.78 

42  73 

2 

44.03 

+ Annate*  dc»  Sc.  Nal.,  Mai  1840,  2d  Sec.  p.  305.  The  intereection  of  a 


cell,  bovecer,  filled  with  wood;  matter,  *how9  us  several  layers. 
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tracheae  of  the  Musa  sapientum,  films  from  the  pith  of  oak 
trees,  cellulose  from  cow  dung  (the  cow  being  fed  with  mea- 
dow grass),  the  internal  tissue  of  the  leaves  of  Agave  Ameri- 
cana, cotton  from  the  seed  of  the  Virginian  poplar,  vegetable 
membranes,  the  skeleton  of  a wasp’s  nest,  wood  from  Coni- 
ferae  (dul7  extracted),  the  Perisperm  of  the  Phytelephas, 
extracted  Lichen,  Conferva  rivularis,  Agaricus  edulis.  Boletus 
igniarius,  membranes  of  the  Chara,  and  of  the  Conferva 
oscillatoria 

From  all  these  substances  the  cellulose,  after  being  ex- 
tracted by  means  of  the  above  solvents,  gave,  when  analysed, 
no  other  result,  than  one  approximating  to  C^*  O^i.  So 
that  we  may  state,  as  a fact,  that  the  proper  tissue  of  all 
plants,  which  have  been  previously  exposed  to  the  influence  of 
these  solvents,  leaves  a substance  which  is  identical  for  all  of 
them, — a substance,  which  contains  carbon  and  the  elements 
of  water  ; that  this  substance  is  isomeric  with  inuline  ; that 
it  may,  therefore,  be  very  easily  changed  into  starch  and  sugar ; 
and  that  in  its  turn  it  may  possibly  be  produced,  just  as  easily, 
from  dextrin — the  change  in  this  instance  consisting  only  in 
the  loss  or  addition  of  water.*  Such  a change  appeared  to 

* Pajren  (Annalea  des  Sciences  Natnrelles,  Sene  2d,  Tome  II.  Boumique, 
1839,  p.  21),  first  obtained  a knowledge  of  cellulose,  by  investigating  Uie  tissne 
of  plants  in  its  growing  state,  for  which  purpose  he  used  the  gelatinous  sub- 
stance, contained  in  the  unfecundated  ovula  of  the  Amygdalus  sativa.  He 
obtained  another  series  of  more  tender  membranes,  by  carefully  cutting  off  the 
extremities  of  the  radicles  and  their  fibres  from  some  woody  and  herbaceous 
plants ; and  also  by  examining  the  young  pith  of  elder  trees ; finally,  by  the 
analysis  of  the  pith  of  .^Ischynomene  paludosa  and  of  cotton.  He  purified 
these  substances  (though  he  does  not  mention  how),  and  dried  them  in  vacuo, 
at  302°-356*  Fahr.  He  thus  found  the  composition  of  these  substances  to  be : 


Ovula  of 

Of 

Of  Helianthus  Sap  of 

Almonds. 

Apples. 

Annuus.  Cucumbers. 

c 

43.67 

44.7 

44.1  43.90 

H 

6.11 

6.0 

6.2  6.22 

0 

60.32 

49.3 

49.7  49.88 

Tissue  of 

Pith  of  the 

Pith  of  the 

Cucumbers. 

Elder  Tree. 

.£sch.  Paludoea. 

c 

43.80 

43.37 

43.2  43.67  43.4 

H 

6.11 

6.04 

6.5  6.20  6.3 

0 

60.10 

50.69 

' 50.3  60.23  60.3 
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Pkjen  really  possible  It  is,  in  fact,  an  important  peculiarity, 
confirmed  by  tod  Baumhauer  for  the  Phytelephas.  By  sulphuric 
tcid,  the  cellulose  is  changed  into  dextrin  ; a change,  caused 


Cotton.  Spongiolea  of  young  roots. 

C 45.00  44.36  43.00 

H 6.22  8.14  6.18 

0 48.78  49.51  50.82 

From  these  results,  Pajen  drew  the  conclusion,  that  the  peculiar  tissue  of 
plants  is  not  lignine,  and  that  the  latter  is  acted  upon  by  potash,  soda,  and 
nitric  acid,  while  the  former  is  not. 

Bj  the  analysis  of  wood  he  obtained  from 


Oak, 

Beech, 

In  its 

Treated 

In  its 

Treated 

natural  state. 

with  soda. 

natural  state. 

with  soda. 

c 

54.44 

49.68. 

64.35 

49.40 

H 

6.24 

6.02 

6.25 

6.13 

0 

39.32 

44.30 

39.50 

44.47 

Populoi  tremula, 

Treated 

Washed 

Herminien  elaphroxylon 

with  soda. 

twice. 

in  its  ratural  state. 

C 

48.00 

47.71 

47.18 

H 

6.44 

6.42 

5.94 

0 

45.56 

45.87 

46.88 

It  follows,  from  the  above  analyses,  that  the  several  kinds  of  wood,  the  more 
lignine  they  contain,  give  the  more  carbon,  for  the  maxima  come  nearest  to 
the  resuits  of  the  analysis  of  lignine,  made  by  Gay  Lussac  and  Thenard. 

Wood  from  oak  and  beech,  reduced  to  fine  powder,  was  left  by  Payen 
(or  thirty  hours  in  a large  quantity  of  strong  nitric  acid ; and  thus  the  incrust- 
ing  matter  was  separated.  The  undissolved,  elementary  tissue,  washed  first 
rith  soda  and  then  with  water,  and  dried  at  320°  Fahr.,  gave 

C 43.85 

H 5.86 

O 50.29 

that  is,  a composition  approximating  vciy  nearly  to  that  of  the  original  tiuue 
above  mentioned. 

Further,  Payen  has  given  the  composition  of  the  incrusting  matter,  though 
without  mentioning  any  particulars.  This  he  found  to  be  represented  by 
C^4  0**,  the  formula  of  the  cellulose  being,  according  to  him,  = C**  H“  O'*. 

The  incrusting  matter  consist  in  100  parts  of 

C 53.76 

H 6.00 

0 40.24 
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likewise  by  the  influence  of  diastase : the  cellular  substance 
presenting  itself,  in  this  respect,  as  a substance  closely  related 
to  starch,  dextrin,  gum,  and  sugar ; causing  their  production 


Thus,  by  these  chemical  experiments  of  Payen,  the  former  observation*  of  H. 
Mohl  are  confirmed. 

Payen  has  confirmed  these  resnits  by  later  investigations,  Annal.  des  Sc. 
Nat.  Aont  1840,  p.  73,  Bot. 
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40.17 

Tnchen  of 

The  lame 

Cellnloee 

Internal  tissue 

Musa 

treated 

from 

from  the  leaves  of 

Saplentum. 

with  alkalL 

cows*  dung. 

Agave  Americana. 

C 

48.43 

43.22 

44.92 

44.70 

H 

6.91 

6.50 

6.40 

6.39 

O 

44.66 

50.28 

48.59 

48.91 

Cotton  from 

Vefe  table 

The  same 

the  seed 

llembranee 

Wood  from 

more 

of  the  Vir- 

from a 

Coniferae 

thoroughlj 

ginian  Poplar. 

waep’i  nest. 

extracted. 

extracted. 

C 

44.11 

44.15 

62.01 

44.77 

H 

6.52 

6.22 

6.33 

6.58 

0 

49.37 

49.63 

41.57 

48.65 

Perisperm  of 

Lichen 

Conferva 

Aptricni 

the  Phytelepbas. 

purlBed. 

rivularia 

eduli* 

c 

44.14 

44.70 

44.57 

44.52 

H 

6.30 

6.21 

6.75 

6.67 

0 

49.56 

49.09 

49.68 

48.81 

Boletus 

Membranes  from 

Cnnferra 

isnlarlus. 

the  Char*. 

OKiUatorin- 

C 

43.40 

43.88 

45.34 

H 

6.11 

6.29 

6.58 

0 

50.49 

49  83 

48.08 

These  substances  were  for  the  most  part  extracted  with  chlorine,  hydrochloric 
acid,  soda,  or  potash,  and  also  with  alcohol  and  ether.  Payen  justly  infers,  that 
medulline,  fungine,  lichenint,  do  not  exist,  but  that,  duly  purified,  they  are 
neither  more  nor  less  than  cellulose. 

These  experiments  have  been  repeated  by  Fromberg,  and  Payen’s  disco- 
very has  been  entirely  confirmed.  He  (Scheik.  Onderz.  D.  ii.  p.  52),  treated 
the  following  plants  with  caustic  soda,  hydrochloric  acid,  water,  aleohol,  and 
ether,  and  obtained  the  results  given  below.  From  these  results,  it  ap- 
pears, that  the  formula  for  the  cellular  substance  of  plant*  is  C**  H**  0®.  Hi* 
results  arc  as  follows  : — 
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in  the  vegetable  kingdom,  and,  no  doubt,  being  produced  from 
one  of  them,  namely,  from  dextrin.  It  morepver  appears  as 
a substance  of  the  greatest  importance  to  the  animal  body. 

Lichen  IsUndicus,  extracted  with  soda,  1 part  in  10  of  water,  and  then  with 
later  and  alcohol — 

C 46.88 

H 6.18 

0 46.94 

Once  more  treated  in  the  same  manner — 

C 45.85 

H 6.22 

0 47.93 

Agiricns  albns  boiled  with  water,  digested  with  a weak  solution  of  soda, 
and  then  with  hydrochloric  acid  and  with  alcohol — 

C 45.67  46.28 

H 6.29  6.27 

0 48.14  48.45 


Treated  a second  time  with  soda,  hydrochloric  acid,  and  alcohol. 

c 

43.77 

44.09  43.95 

H 

5.90 

6.25  6.21 

0 

50.33 

49.66  49.84 

Turnips  treated  once. 

Turnips  treated  twice. 

C 

46.26 

43.96  44.29 

H 

6.29 

6.18  6.03 

0 

47.45 

49.92  49.68 

White  cabbage,  treated  oDce.  White  cabbage,  treated  twice. 

C 

46.87  46.73 

43.43 

H 

6.02 

6.13 

6.26 

0 

47.11  47.14 

50.31 

Endive  treated  once. 

Endive  treated  twice. 

C 

48.60 

44.73 

H 

6.44 

6.09 

0 

44.96 

49.18 

Ail  these  results,  as  far  as  the  substances 

were  duly  extracted,  are  repre- 

seated  by 

Atoms. 

Calculated. 

Carbon, 

24 

43.70 

Hydrogen, 

21 

6.25 

Oxygen, 

21 

60.05 

*kat  ia,  by  the  formula  of  soluble  inuline. 

Psyen  received  from  Brogniart  a fruit  of  the  Phytclephas,  which  he  ana- 
lyied.  Anna!,  dcs  Scien.  Katur.  Botaniquc,  Aout  1840,  p.  82.  Thin  slices, 
under  the  microscope,  showed  a thick  cellular  tissue,  oily  drops  and  albu- 
minous grains.  He  extracted  the  powder  with  ammonia,  acetic  acid,  water, 
alcohol,  and  ether,  lie  found  all  parts  of  the  fruit  to  be  of  the  same  appear. 


AAOcl/fp£ 
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Since  in  this  way  is  explained  the  nourishing  quality  of  young 
plants  to  animals  and  to  man  ; as  also  the  nourishing  power 


anee ; he  soaked  and  swelled  small  pleees  of  it  in  soda,  washed  them,  and  then 
made  them  eontract  by  a solution  of  iodine,  by  which  the  polyedrie  form  of  the 
exterior  eell  membrane  became  ruible,  which  it  was  not  before.  He  thinks 
that,  besides  eellulose,  albumen,  and  two  other  nitrogenous  subetanees,  the 
fruit  contains  silica,  two  fatty  substances,  and  salts.  When  separated  from 
these  substances  by  the  abore-mentioned  solvents,  he  got  from  the  cellnloae, 
dried  at  267°  Fahr., 

C 44.U 

H 6.30 

O 49.56 

These  experiments  have  been  repeated  and  extended  further  by  von  Banm- 
hauer  (Scheik.  Onderz.  Doel  II.}.  I received  the  fruit  of  the  Phytdephas 
through  Dr.  Miquel. 

It  appears,  from  this  investigation,  that  the  fruit  of  the  Phytelephas,  if  ex- 
tracted only  with  ether,  alcohol,  and  water,  docs  not  manifest  any  difference  in 
composition  from  pure  cellulose,  and  gives  not  a single  trace  of  nitrogen. 


Found. 

Atoms. 

Calculated. 

c 

44.39 

24 

48.71 

11 

6.22 

21 

6.24 

0 

49.89 

21 

60.05 

This  substance,  after  being  extracted  with  strong  acetic  acid,  and  then  treated 
with  water  and  alcohol,  gave 

C 48.57 

H 6.27 

• 0 50.16 

Being  then  extracted  with  ammonia,  the  result  was : — 

C 43.65 

II  6.31 

O 50.04 

The  powder  of  the  Phytelephas,  after  being  treated  with  alcohol  and  ether,  was 
digested,  for  some  days,  with  a solution  of  soda ; the  remainder  duly  washed, 
gave 

C 45.78 

H 6.32 

O 47.95 

By  the  digestion  with  soda,  at  an  elevated  temperature,  the  substance  became 
coloured,  and  gave  an  increase  of  carbon  when  analysed.  Von  Baumhaoer 
also  treated  fine  powder  of  Phj-telephas  with  strong  potash,  at  a common  t«m- 
perature,  for  a long  period  of  time ; by  which  means,  be  obtained  both  the 
substance  and  solution  colourless.  The  substance  gave  him  >- 
C 48.63 

n 6.08 

O 60.07 
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of  those  plants,  in  which  the  incrustation  of  the  cellulose  is 
prevented  by  certain  unhealthy  conditions  being  produced  in 
the  plants,  as  with  our  greens,  salad,  endive.  Sic.  Tlius  the  cel- 
Inlose  of  these  plants,  being  easily  converted  into  dextrin,  may 
properly  l>e  reckoned  among  the  substances  which  are  most 
useful  in  maintaining  the  vital  functions  of  animals.  Auteu- 
rieth  formerly  fattened  hogs  with  flour  and  sawdust  Hartig 
has  asserted  that  in  winter  many  species  of  wood  contain 
starch.  Mushrooms  are  used  for  food,  and  yet  they  consist 
chiefly  of  cellulose.* 

It  is  another  result  of  the  above-mentioned  important  fact, 
that,  as  cellulose  exists  ready  formed,  and  even  in  its  purest 
state,  in  the  youngest  parts  of  plants,  it  belongs,  together  with 
protein,  to  the  first  vegetable  products  of  the  food  of  plants ; 
and  that  from  the  cellulose,  or  from  vegetable  substances  simi- 
larly formed — especially  from  one,  soluble  in  water,  namely, 
dextrin — starch,  gum,  and  sugar,  are  occasionally  formed. 
In  a great  many  parts  of  plants,  chiefly  of  those  which  are 
young,  starch  is  found,  and  this  is  especially  the  case 
with  the  Lichens  (these  plants  being  mostly  formed  of 
cellulose).  In  many  fruits,  containing  a great  proportion  of 
cellulose,  much  sugar  exists.  These  different  substances  may 
be  produced  from  the  same  cellulose,  simply  by  a change  in  its 
physical  character,  and  a new  chemical  arrangement  of  its 
constituents  ; the  chemical  composition  of  them  all  being 
nearly  identical  On  the  other  hand,  we  see  that  our  fleshy 

From  the  potuh  solution,  after  saturation  vith  acetic  acid  and  precipitation 
vith  acetate  of  lead,  he  ^t  a substance  of  this  composition  : — 

C 44.08 

H 5.03 

O 49  99 

Both  the  latter  represent  the  composition  of  inuline,  in  its  soluble  state. 

From  this  it  appears,  that  the  fruit  of  the  Phytclephas,  as  a whole,  has 
the  same  composition  as  soluble  inuline ; and  that  by  an  alkali,  at  ordinary 
temperatures,  it  is  resolved  into  an  insoluble  and  a soluble  substance,  both  of 
which  have  the  same  composition  as  soluble  inuline.  It  is  not  yet  known  what 
this  soluble  substance  may  be ; but  it  desen’cs  our  special  attention.  If,  as 
is  likely,  it  be  a kind  of  starch,  the  production  from  cellulose  by  an  alkali 
of  starch  which  is  earriotl  in  solution  through  all  the  plant,  is  by  these  expe- 
riments completely  explained. 

* According  to  Payen  dry  mushrooms  contain  upwards  of  half  their  weight 
of  protein  compounds. — /. 

0 
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fruits,  from  being  sugary,  become  mealy,  as  it  is  called,  when 
they  are  kept  over  a winter  ; — this  being  a converse  change 
of  sugar  into  cellulose. 

We  may,  therefore,  consider  the  cellular  plants  as  consist- 
ing chiefly  of  cellulose  (C'2  0**,  -b  a variable  proportion  of 

water)  and  of  the  protein  comjxmnds;  the  vascular  plants  con- 
taining, in  addition,  the  incrusting,  that  is,  the  real  woody 
matter.  These  together  are  the  most  indispensable  constituents 
of  plants;  they  are  found  everyAvhere,  and  in  all  their  organs. 
As  animals  consist  chiefly  of  protein  and  gelatine,  plants  are 
formed  chiefly  of  protein  and  cellulosa  Cellulose  is  to  plants 
what  gelatine  is  to  animals : they  form  together  the  cells  in 
these  two  kingdoms.  In  the  cells,  both  of  plants  and  animals, 
protein  compounds  are  either  deposited  as  solid  particles,  or 
are  dissolved  in  the  liquids,  with  which  all  their  parts  are 
permeated.  In  plants,  the  cell-walls  are  thickened  by  the 
woody  matter ; in  animals,  the  cells  contain  fats  and  other 
substances ; — in  animals,  as  well  as  in  plants,  the  cellular  sub- 
stance is  the  chief  agent  in  connecting  all  the  other  existing 
organs. 

Though  the  facts  above-mentioned  are  very  important  to- 
wards a knowledge  of  the  chemical  composition  of  one  of  the 
chief  constituent  substances  of  the  vegetable  kingdom,  yet 
we  are  still  greatly  deficient  in  that  knowledge 

If  wo  treat  the  different  organs  of  plants  with  solvents 
for  the  purpose  of  separating  the  cellulose,  we  extract  diffe- 
rent substances  from  different  organs.  It  may  be  asked,  what 
kind  of  tissues  do  we  retain  ? Is  it  in  all  cases  only  the  origi- 
nal cellular  substance, — that  which  is  first  formed  in  the  young 
plants,  and  of  which  the  cells  consisted  ? What,  under  the 
influence  of  these  solvents,  has  become  of  all  the  plant  organs, 
which  consist  no  longer  of  cellulose  ? Have  they  been  dis- 
solved out  ? To  both  questions  we  can  answer  with  certainty. 
It  is  certain,  that  the  youngest  parts  of  plants,  consisting  of 
cellulose  and  protein,  after  the  latter  has  been  separated, 
leave  the  same  substance  that  is  left  by  wood,  nay,  by  every 
other  organ  of  plants,  when  they  arc  digested  with  strong  alka- 
lies and  acids.  Of  those  substances,  by  which  the  cell-walls  in 
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the  wood  were  thickened,  what  has  been  separated  ? Un- 
doubtedly the  whole. 

To  ascertain,  however,  the  composition  of  this  so-called  in- 
crasting  matter,  it  will  not  give  correct  results  to  precipitate 
the  dissolved  substance,  and  to  analyse  it ; because,as  appeared 
from  the  experiments  of  von  Baumhauer  (see  note,  p.  196), 
and  as  Fromberg  likewise  found  in  all  his  experiments,  the  cel- 
lulose also  is  far  from  being  insoluble  in  alkalies.  During  the 
digestion  of  the  substances  with  soda,  the  proportion  of  cellu- 
lose is  continually  diminished  ; we  must  not,  therefore,  call 
it  insoluble  in  alkali,  but  only  less  soluble  than  the  incrusting 
matter.  It  is,  consequently,  impossible  that  the  composition 
of  the  so-called  incrusting  matter — namely,  that  which 
together  with  cellulose  exists  chiefly  in  wood, — can  be  accu- 
rately stated  by  Payen,  as  represented  by  Qio,  if  the 

substance  which  he  analysed  was  that  which  is  obtained  from 
the  alkaline  solution  by  precipitation.  The  amount  of  car- 
bon in  this  incrusting  matter  must  be  much  greater,  as  will  at 
once  appear  if  we  consider  that  a large  quantity  of  wood 
leaves  exceedingly  little  cellulose,  and  if  we  compare  to- 
gether the  respective  compositions  of  these  two  substancea 

Some  points,  therefore,  remain  to  be  investigated.  It  is 
especially  of  importance  to  inquire  into  the  nature  of  the 
substances,  which  cold  alkalies  dissolve  from  cellulose,  and 
which,  according  to  von  Baumhauer’s  experiments  (see  the 
note  on  Pbytelephas),  have  the  same  composition  as  cellulose, 
and  consequently  as  inulina 

What  has,  however,  been  already  ascertained  as  to  the 
cellular  matter  of  plants,  is  to  be  regarded  as  an  important 
contribution  to  physiological  chemistry  ; the  discovery  of 
Payen  is,  indeed,  one  of  the  most  valuable  which  recent  times 
have  made  to  phyto-chemistry. 

We  have  just  remarked,  that  it  is  exceedingly  difficult  to 
separate  the  incrusting  matters.  Many  chemists  have  inves- 
tigated the  composition  of  wood  ; a few  only  have  determined 
it  with  accuracy.  The  results  of  Petersen  and  Schoedler, 
who  analysed  a great  many  kinds. of  wood,*  all  gave  too 

* Annalen  der  Pbormacie,  Bd.  17,  S.  142. 
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little  carbon.  Those  of  Gay  Lussac  and  Thenard  gave  too 
little  hydrogen  ; so  that  the  formula  for  tlie  composition  of* 
wood  alwve  mentioned  (p.  189),  H8  08,  must  be  rejected 
as  erroneous.  According  to  the  experiments  of  Fromberg, 
the  composition  of  two  kinds  of  paper,  which  he  analysed, 
agrees  with  that  of  cellulose,*  and  not  with  that  of  wood. 

It  appeared  from  a series  of  exj>eriments,  made  by  von 
Baumhauer  and  Fromberg,  that  for  wood  we  may  assume 
the  formula,  C®*  H**  O®*,"!"  which  has  been  deduced  chiefly 
from  the  hard  perisperms  of  stone  fruita 

If  from  this  formula  we  subtract  that  of  cellulose,  then 
we  find  for  that  of  the  incrusting  matter : — 

C H 0 

Wood,  64  44  39 

Cellulose 24  21  21 

Incrusting  matter,  40  23  18 

It  was  impossible  to  obtain  this  substance  directly.  By  a 
weak  alkali,  however  diluted,  the  incrusting  or  woody  matter 
is  changed  into  ulmic  acid,  which  can  be  precipitated  from 
the  alkaline  solution  by  an  acid. 

This  is  the  ulmic  acid  which  is  mentioned  by  Peligot  ;J  but 
of  which  he  did  not  discover  the  composition.  It  is  the 
same  with  that  which  is  produced  from  sugar  by  a weak 
acid — namely,  § — it  is  formed  from  wood  even  by  a 

very  weak  alkali,  at  the  common  temperature ; and  thus  the 
question  arises,  to  which  substance  is  its  presence  attribu- 
table ? Not  probably  to  the  cellulose,  which  in  this  case  is 
so  much  more  difficult  to  be  acted  upon;  but,  no  doubt,  to  the 
incrusting  or  woody  matter  in  the  first  instance.  The  faci- 


* Schcik.  Onderz.  DecI  II. 

+ Scheik.  Onderz.  Deel  II.  A«  an  avera^  reault  for  the  eompoaition  of 
wood,  we  have  aamimed  : 


Ponnd. 

Atoma 

Calealated. 

c 

52.5 

64 

52.38 

H 

6.9 

44 

6.88 

0 

41.S 

39 

41.74 

t Comptea  Rendua,  22  Juillet,  1839. 

S Fromberg,  in  Scheik.  Onderz.  Deel  II.  Aa  alao,  p.  154,  ante. 


Digitized  by  Google 


VEGKTABL*  AND  ANIMAL  PUYdtOLOOV. 


205 


l«y  with  which  the  latter  is  converted  into  ulmie  acid,  is 
an  important  fact.  The  same  power,  but  in  a higher  degree, 
b exerted  on  wood  by  air  and  moisture.  It  is  the  incrust- 
ing  matter  which  putrefies,  the  cellulose  long  resisting  decay, 
as  is  shown  in  the  putrefaction  of  flax. 

We  may  represent,  in  the  following  manner,  the  transfor- 
mations which  the  incrusting  matter  undergoes  during  de- 
cay— i e.  its  change,  first  into  ulmic  acid,  and  successively 
into  humic,  gei'c,  apocrenic,  and  crenic  acids  (p.  171). 

C H O 

1 of  incrusting  matter,  40  23  18 

And  3 equiv.  of  oxygen  from  the  air,  3 

Are  equal  to,  40  23  21 

Or  to  9 equiv.  of  water,  9 9 

And  1 equiv.  of  ulmic  acid,  ...  40  14  12 

40  23  21 

If  thb  so-called  incrusting  matter  be  produced,  either  from 
the  cellulose  itself,  or  from  dextrin — which  is  a general  prin- 
ciple circulating  through  the  cells,  and  the  common  source  of 
cellulose  and  starch,  gums,  and  sugars, — then,  during  the  for- 
mation of  wood,  hydrogen  must  be  set  free,  or  substances, 
richer  in  oxygen  than  the  cellulose,  must  be  produced.  If  we 
Juppose  that,  from  the  cellulose  itself,  the  incnisting  matter  is 
directly  produced,  this  may  happen  in  the  following  man- 
ner:— 

C H 0 

2 equiv.  of  cellulose,  48  42  42 

1 equiv.  of  incrusting  matter,  40  23  18 

Difference,  8 19  24 

—or  along  with  a small  number  of  equivalentsof  carbon,  a large 
number  of  hydrogen  and  oxygen  remain,  which  may  either  be 
given  off  directly,  or  may  cause  the  production  of  other  sub- 
•tances. 

The  formation  of  wood  in  plants  is  a universal  process, 
which  takes  place  even  in  those  which  are  herbaceous.  If, 
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therefore,  tliis  wood  is  formed  only  from  a general  vegetable 
substance, — that  is,  a body  consisting  of  carbon  and  water  only 
—then  there  is  always  opportunity  for  the  evolution  of  oxygen, 
which  is  here  and  there  secreted.  But  if  oxygen  is  set  free, 
Und  then  meets  with  substances  susceptible  of  oxidation,  a new 
series  of  oxygenous  bodies  may  be  produced  during  the  forma- 
tion of  wood.  Hence,  perhaps,  a source  of  oxalic  acid,  which 
may  be  produced  from  sugar,  in  the  different  kinds  of  sorrel,  by 
the  influence  of  the  oxygen  set  free  in  the  production  of 
wood,  just  as  it  can  be  prepared  artificially  from  sugar  and 
nitric  acid.*  Hence,  perhaps,  in  other  plants,  there  originate 
other  substances  rich  in  oxygen.  (See  Evolution  of  oxygen  by 
■plants.)  For  it  is  unquestionable  that,  by  the  production  of  a 
general  substance  in  plants,  containing  less  oxygen  than 
another,  from  which  it  has  been  produced,  difierent  substances, 
containing  much  oxygen,  must  be  formed  in  different  parts, 
according  as  the  substances  which  exist  there,  and  other 
circumstances,  differ. 

Finally,  as  to  the  change  of  wood  into  dextrin  and  sugar 
by  sulphuric  acid,  this  change  must,  of  necessity,  relate  only 
to  the  cellulose  which  the  wood  contains,  in  which  hydrogen 
and  oxygen  are  present,  in  the  proportions  required  to  form 
water.  The  incrusting  matter  alone  cannot  yield  this  dextrin 
and  sugar.  It  is  not  known  what  changes  it  undergoes  by 
the  action  of  acids ; but  certainly  the  account  of  the  matter 
given  in  the  present  day  is  wrong. 

* Or  from  wood  by  the  action  of  caustic  potash. — J. 

t T6  the  chemical  physiologist  it  will  appear  not  uninteresting,  as  a further 
fact  concerning  this  incrusting  matter,  that  the  formula  by  which  it  is  above 
represented,  has  so  close  an  analogy  writh  that  of  the  ulmic  acid  eitractcd  from 
peat  by  carbonate  of  soda,  and  described  by  roe  in  page  180,  supra.  These 
formula:,  calculated  to  C*,  are  respectively — 

C H O 

Incrusting  matter,  40  23  18 

L'lmic  acid  from  Scotch  peat,  40  23  IS 

Difference,  3 

The  incrusting  matter,  therefore,  which  forms  so  large  a proportion  of  so 
many  plants,  can  bo  changed  into  this  variety  of  ulmic  acid  by  the  simple  abs 
traction  of  3 cfiiiivalcnts  of  oxygen. — J. 
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As  to  the  chemical  properties  of  the  cellular  membranes, 
which  in  their  natural  state  consist,  not  perhaps  exclusively, 
but  for  the  most  part,  at  least,  of  cellulose,  we  have  to  re- 
mark, that,  in  the  most  recently  formed,  protein  is  always  pre- 
sent, and  though  it  can  be  afterwards  re-dissolved  and  re- 
moved, it  appears  to  be  indbpensable  to  the  production  of  the 
cells  in  plants.  Payen,  at  least,  always  found  a substance  con- 
t^ing  nitrogen  in  the  youngest  parts  of  the 'roots ; and  by 
amply  digesting  them  with  a weak  alkali,  we  obtain  protein- 
compoimds.  Protein  appears  thus  to  be  just  as  necessary  to  the 
production  of  cells,  as  cellulose  itself  As,  however,  the  whole 
or  the  greater  part  of  the  protein  afterwards  disappears  from 
the  cells,  it  is  probably  dissolved  again  by  the  saps  of  the  plant, 
and  carried  to  other  parts,  to  be  there  used  for  other  purposes. 

There  is  another  peculiarity  still  to  be  remarked,  concern- 
ing the  cellular  membrane,  namely,  that,  though  it  be  formed 
of  cellulose,  it  can  yet  assume  various  chemical  conditions. 

Mohl  and  Schleiden  have  demonstrated*  that  the  cellular 
membrane  of  many  parts  of  plants  is  coloured  blue  by  iodine, 
just  as  if  it  contained  starch.  The  embryo  of  Schotia  speciosa, 
the  cells  of  the  cotyledons  of  Tropmolum  majus,  hybridum 
and  minus,  and  those  of  many  other  plants,  gave  a strong 
blue  reaction  with  iodine 

Though  it  be  true  that  we  ought  not  to  consider  the  re- 
action of  iodine  on  the  cellular  membrane  as  decisive,  it  is 
too  important  to  be  passed  over,  if  we  consider  it  in  con- 
nection with  the  known  reaction  of  starch.  The  apparent 
identity  of  this  reaction  would  lead  us  to  infer,  that  cellulose, 
the  composition  of  which  appro^hes  so  nearly  to  that  of 
starch,  can  really  often  be  modified,  as  it  were,  into  starch, 
though  it  still  retains  the  appearance  of  cellular  membrane. 
(See  Lichen-starch.') 

As  to  the  composition  of  the  several  organs  of  plants,  we  are 
still  uncertain.  It  is  true,  that  Reade  has  endeavoured  to 
prove, f that  the  spiral  vessels  and  the  cellular  tissue  are  very 
different  in  composition,  but  his  analyses  are  evidently  in- 

* Flora,  1840,  «.  609,  cn  ».  737. 

+ London  and  Edinburgh  Phil.  Mag.,  1837,  p.  418. 
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correct.  Mitscherlich,  however,  has  analysed  three  different 
organs,  and  found  45.98  of  carbon  in  flax,  48.88  in  the  pure 
spiral  vessels  of  the  pisang,  and  50.65  of  carbon  in  the  cellular 
tissue  of  the  interior  part  of  the  pith  of  the  elder-tree ; in  all  of 
them  hydrogen  and  oxygen  were  in  the  proportions  to  form 
water.  But  these  analyses  are  too  few  in  number  to  warrant 
any  conclusion.  On  this  point,  we  are  still  wholly  in  the 
dark.  The  difficulty  of  obtaining  pure  organs  ought  not, 
however,  to  deter  us  from  such  an  investigation.  We  are 
certainly  mistaken  if  we  suppose,  that  the  discovery  of  cel- 
lulose has  completed  the  chemical  knowledge  of  the  organs 
of  plants  ; on  the  contrary,  almost  all  remains  to  be  done  for 
the  attainment  of  a just  knowledge  of  the  functions  proper  to 
the  organs  of  plants,  as  far  as  that  can  be  learned  from  the 
chemical  nature  of  the  substances  composing  them.  By 
digesting  vegetable  substances  with  an  alkali,  several  pro- 
ducts are  obtained  (the  so-called  Incrusting  matters)  of  which 
the  carbon  is  almost  constant  at  46  per  cent — a proportion 
which  it  is  impossible  to  reduce  to  that  contained  in  cellulose. 
Hence,  it  would  appear  that  there  exists  an  intimate  connec- 
tion between  cellulose  and  another  substance,  which  is  richer 
in  carbon,  and  which,  therefore,  deserves  to  be  studied. 
Finally,  for  many  reasons,  I think  it  wrong  to  call  by  the 
name  of  incrusting  matter  every  substance,  by  which  the  car- 
bon of  cellulose  is  increased. 

B.  Of  the  Amylaceotu  Substances. 

There  exists  a substance  very  closely  related  in  composi- 
tion and  properties  to  the  cellular  tissue  of  plants,  of  which 
three  different  states  are  known,  though  all  distinguished 
by  the  common  name  of  starch.  They  are,  undoubtedly,  pro- 
ducts either  of  dextrin  or  of  the  cellulose  of  plants;  for  which 
reason  they  do  not  belong  to  the  primary,  but  to  the  second- 
ary vegetable  producta  We  think,  however,  they  ought  to 
find  a place  here,  because  of  the  great  influence  they  exert  op 
the  functions  of  jdants,  and  because  of  their  frequent  oc- 
currence. 

These  three  substances  are,  common  starch,  lichen-starch. 
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and  inuliue.  The  first  is  an  intermediate  substance  between 
dextrin  and  cellulose  ; the  second  between  dextrin  and  com- 
mon starch ; the  third  between  common  starch  and  sugar. 
Thus  the  two  latter  fill  up  the  interval  in  the  series  of  the  four 
chief  constituents  of  plants — cellulose,  starch,  dextrin,  and 
sugar,  and  their  mutual  transition  is  made  to  appear  less 
abrupt 

Common  Starch  or  Amiflum.  We  have  observed  in  the  in- 
crusting  matter — by  which  cellulose  is  changed  into  wood 
— a real  juxtaposition ; we  find  this  equally  in  the  small 
granular  substances,  which  appear  so  frequently  in  the  vege- 
table kingdom,  and  which  have,  in  recent  times,  obtained  so 
much  attention  from  botanists  and  chemists,  and  the  investi- 
gation of  which  has  given  rise  to  so  much  difference  of 
opinion. 

Leeuwenhoek  has  made  an  observation  as  to  starch,  which 
has  been  repeated  and  extended  by  many  French  chemists, 
and  which  is  denied  by  some  as  powerfully  as  it  is  defended 
by  others.  He  found*  that  the  grains  of  starch,  when 
heated  under  water,  disappeared,  and  left  nothing  but  mem- 
branes. He  found  the  same  membranes  in  the  excrements 
of  birds,  which  feed  upon  corn,  and  from  these  two  observa- 
tions he  drew  the  conclusion,  that  starch  consists  of  a kernel, 
which  is  fit  for  nourishment,  and  of  an  insoluble  exterior 
t^ument,  destitute  of  nourishing  properties. 

This  observation  was  first  repeated  in  1812  by  Villars, 
and  it  has,  in  several  respects,  been  since  extended  by 
RaspaiL  Payen  and  Persoz,  however,  have  proved, -f*  by 
a great  number  of  experiments,  that  starch  consists  of 
0.995  parts  of  a substance  quite  insoluble  in  water.  By 
this  discovery  they  have  set  aside  the  observation  of  others, 
that  starch  contains  a soluble  substance,  possessing  the 
prdperties  of  gum.  They  have  also  ascertained  the  simple 
form  of  the  globules  of  starch,  which  appear  to  consist  of 
concentric  layers  deposited  upon  each  other ; — a fact,  which 

* -An  eUborate  history  of  starch  by  Payen  i.s  to  b«  found  in  the  Annales 
deiScien.  Matnr.,  Jaillet,  1838,  p.8,  and  Aout,  p.  85;  a«  also  Cop.  Dissertatio 
Continens  qoaedam  do  Amylo.  Dordraci,  1841. 

t Anna!,  de  Chem.  ct  de  Physique,  1833,  tome  53,  p.  73 ; tome  56,  p.  387. 
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has  since  been  fully  ascertained  by  Fritsche*  and  others. 
Payen  provedf  by  several  re-agents,  that  the  interior  and 
exterior  parts  of  starch  have  exactly  the  same  properties, 
and  that  they  yield  the  same  products  with  water,  iodine, 
diastase,  and  acida  He  gave  figures  of  the  globules  of  starch, 
in  the  state  they  assumed  under  pressure,  and  when  acted 
upon  by  these  re-agents  ; and  no  doubt  was  left  as  to  their 
uniform  composition.  It  is  quite  certain,  therefore,  that 
the  globules  of  starch  consist  of  a substance,  which  in  all 
its  particles  is  homogeneous,  being  composed  of  concentric 
laminae,  deposited  upon  each  other,  and  insoluble  in  cold 
water.  The  form  of  the  globules  is  either  circular  or  some- 
what elliptical  in  all  cases  where  they  are  formed,  either 
floating  in  a liquid,  or  not  entirely  filling  the  cells.  If  they 
fill  the  cells  entirely,  they  become  polyedric,  assuming  vari- 
ous figures,  for  which  reason  they  have  in  diflferent  plants 
very  different  forms,  having  been  influenced  by  very  diflferent 
circumstances.  They  exist  in  the  most  difierent  parts  of 
plants,  and  thus  conform  themselves  to  the  shape  of  the 
cells  in  which  they  have  been  deposited. 

At  the  ordinary  temperature,  starch  contains  a considerable 
proportion  of  water,  from  which  it  is  separated  only  by  long- 
continued  drying.  At  68°  Fahr.,  in  the  air,  it  contains  18  per 
cent,  or  4 equivalents  ; — at  68°  Fahr.,  in  the  dry  vacuum,  only 
9.92  per  cent,  or  2 equiv. ; — at  212°  to  284°  Fahr.  it  consists  of 
(J12  Hio  Qi®.  Payen  thinks,^  that,  in  its  combinations  with 
bases, — oxide  of  lead,  for  instance, — it  consists  of  C’12  0* ; 

but  this  has  not  been  confirmed.  In  the  lead  compound  also, 
its  constitution  is  represented  by  the  formula,  C'2  0^®.§ 

• PoggendorfFs  Annales,  Bd.  32,  S.  129. 

f Annales  des  Sc.  Nat.  1838,  Aout,  p.  69. 

t Annalos  des  Sc.  Nat.,  1843,  Aout. 

§ According  to  Payen,  the  composition  of  amylatc  of  lead,  dried  at  356* 
Fahr.,  is  as  follows  (Annal.  de  Cbem.  ct  de  Physique,  tome  65,  p.  253) : — 


Found. 

Atoms. 

Calculated. 

0 

19.66 

12 

19.45 

H 

2.37 

9 

2.38 

O 

19.07 

9 

19.17 

Pb  0 

58.90 

2 

59.00 
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If  heated  to  392°  Fahr.,  it  becomes  yellow,  and  a great  part 
of  it  is  then  soluble  in  water.  If  the  same  experiment  is 
made  with  undried  starch  in  a closed  tube,  it  melts  entirely 


From  potato-starch,  dried  at  212“  and  at  298“  Fahr.,  he  obtained — 
212“  293“ 


C 43.81  45.69 

H 6.10  6.37 

O 50.09  47.94 

From  this  it  would  appear,  that  stareh  cannot  be  dried  at  212°  Fahr.  Ber- 
reiius,  however,  analysed  stareh,  dried  at  212“  Fahr.,  and  he  obtained — 


Found. 

Atoms. 

Calculated. 

c 

44.25 

12 

44.91 

H 

6.67 

10 

6.11 

0 

49.08 

10 

48.98 

Though  it  appears  from  this,  when  compared  with  Payen’s  experiments,  that 
the  constitution  of  starch  at  212*  Fahr.  is  really  C**  H*“  0“,  the  repetition  of 
the  analysis  was  not  superfluous,  considering  the  difference  of  opinion  as  to 
the  composition  of  starch,  gum,  and  sugar,  and  the  positive  assertion,  that 
in  all  these  compounds,  2 eqniv.  of  oxide  of  lead  were  substituted  for  2 equiv. 
of  water.  I obtained  (Bulletin,  1838,  p.  40), — 

C 44.47 

H 6.28 

0 49.25 

Thatis,C“H'<>0>*. 

3.101  of  starch,  dried  first  at  212“  Fahr.,and  then  at  356“  Fahr.,lost  no  weight- 
1.467  starch,  dried  at  266“  Fahr.,  were  converted  into  boiled  starch  with  hot 
waver,  and  mixed  with  3.114  of  oxide  of  lead,  dried  at  266“  Fahr.  The  mix- 
ture was  dried  at  284“  Fahr.,  and  then  in  the  dry  vacuum  at  856“  Fahr.  The 
quantity  was — 

Before  the  experiment.  After  the  experiment. 

Oxide  of  lead,  I 4.581  4.579 

Starch,  1.467  f 

Thus  the  formula  of  starch,  either  dried  alone  at  212*  and  293“  Fahr.,  or  in  the 
lead  compound,  is  C**  H*"  O"*. 

When,  therefore,  cellulose  is  converted  into  starch,  the  separation  of  4 equiv.  of 
water  must  Uke  place,  besides  a re-arrangement  of  the  molecules ; and,  on 
the  other  hand,  when  starch  is  concerted  into  cellulose,  water  must  be  absorbed. 
The  irregularity,  that  2 Pb  0 do  not  remove  2 H 0,  may  deserve  particular 
attention  ; but  this  irregularity  does  not  entitle  us  to  present  the  facta  in  an- 
other shape  than  that  in  which  they  really  exist.  Oxide  of  lead,  probably, 
does  not  make  starch  part  with  the  last  equiv.  of  water,  except  at  a tempera- 
ture at  which  the  sUrch  itself  is  changed.  The  analogous  fact  as  to  sugar  (see 
the  note  on  sugar)  proves,  that  this  last  equiv.  of  water  can  be  retained  in  the 
lead  compound,  even  far  above  212“  Fahr. 
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at  392°  Fahr.  through  the  influence  of  the  aqueous  vapour 
raised  to  that  temperature.  When  heated  with  water  to  1 62° 
Fahr.,  boiled  starch  is  formed,  of  which  the  consistence  in- 
creases if  it  be  heated  to  212°  Fahr.  The  particles  of  starch 
are  now  very  much  swelled,  though  they  still  pass  through  a 
filter.  The  extremities  of  the  fibres  of  roots,  however, 
cannot  take  up  the  globules  of  starch.  If  young  plants 
are  placed  in  a solution  of  starch,  they  take  the  water,  and 
precipitate  the  particles  of  starch  at  the  surface  of  the  little 
fibres.  This  increase  in  bulk  of  the  starch-globules  may  be 
readily  effected  at  ordinary  temperatures,  by  adding  a little 
alkali  to  the  water : diluted  sulphuric  acid  also,  though  in  a 
less  degree,  has  the  same  effect 

By  diluted  acids,  at  an  elevated  temperature,  starch  is  con- 
verted into  humin  and  humic  acid ; by  fuming  nitric  acid, 
into  xyloidine,  which,  according  to  Buys-Ballot,  consists  of 
CIS  N 0^®,  and  is  formed  in  this  manner : — 

5 (C’2  H’o  OlO)  — 2HO-|-4NO<  = 4 (Ci®  H12  N 0i«) 

Lassaigne  states,  that  it  combines  with  iodine  in  an  equivalent 
proiKjrtion,  the  product  being  the  peculiar  blue-coloured  com- 
pound, which  enables  us  to  detect  the  presence  of  starch. 
This  compoimd  becomes  colourless  when  heated  to  151®  Fahr. ; 
when  cold,  it  resumes  its  colour.  The  globules,  though  undis- 
solved, are  likewise  coloured  ; and  thus,  in  microscopical  in- 
vestigations, iodine  is  a necessary  re-agent  for  starch,  though 
not,  as  Payen*  asserts,  infallible.  He  states,  that  10  equiva- 
lents of  starch  combine  with  1 equiv.  of  iodine  as  a maxi- 
mum, and  that  this  is  not  a chemical  combination,  but  is 
effected  by  molecular  attraction ; — just  as,  in  dyeing  cotton, &c, 
the  colouring  substances  are  attracted  by  the  tissues.  Payen 
thinks  that  a group  of  starch-molecules  unite  with  a molecule 
of  iodine  in  virtue  of  a physical,  or  so-called  capillaiy  action  ; 
and  hence,  it  would  result  that  alcohol  and  other  liquids, 
by  which  iodine  can  be  dissolved,  should  continually  lessen 
the  proportion  of  it  in  the  starch  compound.  This  would 
really  be  such  an  approach  of  physical  attraction  to  chemical 
affinity,  as  to  deserve  particular  attention. 

* Annal.  de«  Sc.  Kkt.,  Aout,  1838,  p.  114.  S««  pa^  207. 
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It  is  vrorthy  of  remark,  that  starch  in  the  state  of  globules 
may  occur  in  very  different  parts  of  a plant,  from  which  it 
may  again  disappear  under  the  influence  of  growth  ; — that  is, 
from  which  it  may  be  dissolved,  and  carried  away  to  other 
parts  by  the  sap,  to  cause  there  the  production  of  other  sub- 
stances. This  peculiarity  is  the  more  remarkable,  because 
cellulose — the  solid  parts  first  produced  in  plants,  and  almost 
identical  in  composition  with  starch, — is  also  occasionally  re- 
dissolved under  certain  circumstances,  and,  after  being  first 
converted  into  dextrin,  is  conveyed  to  other  parts  of  the 
plant  in  the  form  of  sap,  and  is  employed  in  the  production 
of  starch ; while  this  starch,  in  its  turn,  may  be  afterwards 
changed  into  other  substances. 

In  young  parts  of  plants,  such  as  the  extremities  of  the 
radicles,  no  starch  is  present,  but  only  cellulose  and  protein- 
like substances,  as  stated  by  Payen  ;•  and  this  is  the  case  also 
in  young  shoots,  or  generally  in  the  young  opening  parts  of 
a plant  Thus,  the  starch  is  not  formed  before,  but  after  the 
parts,  in  which  it  is  deposited,  have  attained  a certain  growth, 
and  when  the  feeding  matters  taken  up  are  no  longer  re- 
quired to  form  the  first  necessary  parts.  Payen  could  not  de- 
tect any  globules  of  starch  either  in  the  vessels,  or  in  the 
inter-cellular  canals ; if  present,  therefore,  it  is  in  the  state 
either  of  dissolved  starch,  or  of  other  substances  produced 
from  it  He  found  it  neither  in  the  epidermis,  nor  in  the  ad- 
joining cella 

It  is  further  a remarkable  fact,  that  in  those  bulbs,  in  the 
scalesof  which  starch  abounds,itdisappears  in  great  part, some- 
times altogether,  when  they  are  exposed  to  light.  Thus  the 
starch  becomes  annihilated,  disappears,  under  the  influence  of 
light ; that  is,  it  is  converted  into  other  substances.  (See  Ohio- 
Topkyle.)  Hence  the  reason,  why  much  less  starch  is  to  be 
found  in  the  parts  of  a plant  which  are  above  the  ground,  than 
in  those  below  (roots),  and  that  in  plants,  whose  stalks  con- 
tain starch,  it  is  found  chiefly  in  the  pith.  In  the  several  spe- 
cies of  cactus,  the  more  distant  from  the  surface  the  leaves  are 
exambed,  the  larger  are  the  grain  of  starch.  (Payen.) 

* Ann.  da  Sc.  N»t.,  Octob.  1838,  p.  202,  and  Memoires  «ur  le  Development 
VegtUux. 
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It  is  to  be  inferred  from  the  general  origin  of  solid  organic 
substances,  that  the  globules  of  starch  are  formed  from  the 
sap,  and  that  their  rudiments  exist  first  in  a liquid  state. 
Hence,  the  germ  of  starch  must,  in  form,  be  spherical ; a small 
sphere,  floating  freely  in  a liquid,  from  which  the  dissolved 
elements  of  starch  are  deposited,  in  the  form  of  laminae,  upon 
that  which  is  already  solidified ; thus  enclosing  by  new  layers 
what  has  already  been  formed.  Each  grain  or  globule,  how- 
ever, is  fixed  to  the  walls  of  the  enclosing  cell  by  a hilum,  of 
which  small  organ  the  real  use  is  not  yet  made  out  The 
more  freely,  therefore,  this  globule  floats  in  the  sap,  the  mure 
it  should  be  able  to  increase ; and  this  is  really  the  case, 
since  plants  rich  in  sap  contain  larger  globules  than  such  as 
are  more  dry  (Payen).  Hence,  also,  the  reason  why  these 
granules  assume  various  forms,  polyedric  figures,  when  maiiy 
are  accumulated  in  one  cell,  and  so  compressed  by  each  other 
— as,  for  instance,  in  maize,  where  they  are  covered  with  a 
homy  integument,  or  in  Cicas  circinalis,  where  about  one- 
half  of  the  globules  are  round,  the  other  half  being  polye- 
dric and  filling  up  the  spaces  left  open  between  the  spheri- 
cal grains.  Thus,  the  latter  have  been  rendered  polyedric  by 
mutual  pressure.  The  interposition  of  little  flakes  of  protein- 
compounds,  or  other  substances,  also  makes  them  assume  this 
polyedric  form,  as  in  beans,  peas,  &a,  and  generally  in  the 
albuminous  seeds.  As,  however,  the  starch-globules  them- 
selves never,  in  a chemical  sense,  inclose  albumen,  but  are 
inclosed  by  it,  we  may  conclude,  that  the  starchy  substance 
is  first  deposited  in  plants,  in  a solid  state,  and  that  then 
the  so-called  coagulated  albumen  is  deposited.  This  is  also 
the  case  with  other  substances, — salts  of  lime,  oily  matter,  &&, 
— of  which  occasional  traces  are  to  be  found  on  the  surface, 
as  well  as  in  the  exterior  layer  of  the  globules  of  starch,  and  by 
which  the  solubility  of  the  latter  in  water  is  lessened  (Payen.) 
It  has  been  ascertained,  that  the  starch-globules  may  be  dis- 
solved wholly  or  in  part  during. the  growth  of  the  plant.  On 
this,  Payen  has  made  several  important  observations,  from 
which  it  would  appear, .that  either  their  exterior  layers  are  dis- 
solved, or  that  they  wholly  disappear.  The  product  of  this 
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dissolution  or  disappearance,  be  states  to  be  dextrin  and  sugar, 
and  the  cause  of  tbe  action,  diastase, — a substance,  tbe  effect 
of  which  upon  starch,  artificially  prepared  from  plants,  is  now 
well  known.  This  is  the  change  which  frozen  potatoes  un- 
dergo, where  all  the  starch  is  converted  into  sugar.  It  also 
takes  place  in  the  growth  of  new  potato-plants, — all  the  starch 
disappearing  from  the  tuber  (the  potato),  and  being  replaced 
bj  sugar.  That  diastase  is  formed  in  germinating  seeds  is 
highly  probable,  though  we  do  not  know  a single  analysis  of  it. 

According  to  De  Candolle,*  the  quantity  of  starch  in  pota- 
toes increases,  as  they  approach  to  ripeness,  almost  in  the 
same  degree  as  it  afterwards  diminishes.  In  August,  100  lb. 
of  potatoes,  gave  10  lb.  of  starch ; in  September,  14.5  lb. : in 
October,  14.75  lb. ; in  November,  17  lb.  This  proportion  is 
constant  during  January  and  February,  diminishes  in  March, 
so  as  to  come  down  in  April  to  13.75  lb.,  and  in  May  to 
101b. 

The  same  result  would  be  obtained  from  many  seeds  and 
roots,  and  from  amylaceous  parts  of  vegetables  in  general,  if 
they  were  analysed  with  this  view.  We  learn  from  this,  that 
both  the  production  and  the  disappearance  of  starch  is  a 
common  chemical  operation,  in  which  the  plant  takes  no 
share.  It  is  an  action  exercised  by  substances,  which  are 
in  contact  with  each  other,  and  may  cause  this  alternate 
formation  and  change  of  starch,  through  the  influence  of  a 
rising  or  falling  temperature. 

We  know  better  what  is  produced  from  starch,  than  from 
what  starch  is  produced.  As  to  the  former,  we  learn  from 
experience,  that  dextrin  and  sugar  are  invariably  to  be  found, 
after  starch  disappears.  It  is  incontestible,  that  the  same 
substances  may  produce  starch  under  circumstances  entirely 
different.  Organic  nature  presents  a great  many  similar  phe- 
nomena; for  instance,  the  deposition  of  fat  in  the  animal 
tissue,  and  the  dissolution  of  it  again  'Kt  other  periods ; the 
deposition  of  muscular  fibres  in  the  muscles,  the  dissolution 
of  them  in  sickness,  and  the  re-deposition  of  them  during 
and  after  recovery.  Such  direct  and  inverse  phenomena  are 

• Phys.  Vegel.,  tome  i.  p.  181. 
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frequent.  In  permanent  parts  of  plants  starch  undergoes  the 
same  change.  In  many  plants,  it  seems  to  perfonn  a service 
analogous  to  that  of  fat  in  animals,  being  deposited  as  a 
reserve  to  be  afterwards  taken  up,  and  applied  to  the  pro- 
duction of  new  substances^ 

There  are  two  other  purposes  for  which  starch  is  known  to 
be  employed,  besides  the  formation  of  dextrin  and  sugar, 
namely,  the  production  of  fat  and  of  chlorophyle.  Both  will 
be  treated  of  hereafter. 

Lkhen-ttarch.  There  are  many  cellular  plants,  especially 
lichens,  of  which  the  tissue,  when  boiled  with  water,  produces 
a gelatinous  substance,  having  a composition  which  approaches 
to  that  of  starch.  Its  composition,  however,  is  not  always  the 
same.  In  some  plants  of  a similar  kind  we  find  a real  gum, — 
in  the  carigeen  moss  (Spoerococcus  crispus)  for  instance  ; — 
for  which  reason  the  name  of  amylaceous  tissue,  which  is  given 
to  the  tissue  of  these  plants,  ought  to  be  more  limited  than 
it  is  at  present. 

Under  what  form  the  gelatinous  substance,  produced  by 
boiling  Iceland  moss  in  water,  occurs  in  plants,  is  not  yet 
known.  Though  in  the  fine  capillaiy  cells,  of  which  such 
plants  chiefly  consist,  a great  many  little  globules  are  found, 
which  are  dissolved  by  boiling  in  water,  their  number  is  insuffi- 
cient to  produce  so  large  a quantity  of  lichen-starch  as  can 
be  obtained  from  these  plants.  (Meyen,  Physiologic.)  It  is 
probable  that  during  the  boiling  this  starch  is  not  dissolved, 
but  is  produced  from  some  constituent  of  the  plants,  which 
incloses  the  cellular  substance.  We  sec  the  cellular  mem- 
branes gradually  dissolving,  so  as  to  become  thin  and  loose, 
instead  of  thick  and  solid,  as  they  were  before.  When  boiled 
sufficiently,  and  further  extracted  by  the  solvents,  which  we 
mentioned  in  sj)eaking  of  cellulose,  the  final  residue  of  these 
plants  is  nothing  but  cellulose  (see  p.  189).  It  is  improper, 
therefore,  to  call  the  whole  tissue  of  the  plant,  amylaceous 
tissue.  It  consists  of  real  cellulose,  II2i  O^i  ; and  of  a 
certain  substance  besides,  which,  by  boiling,  is  changed  into 
the  well-known  lichen-starch. 

It  had  been  stated  before  by  Payen,  that  the  starch  of  the 
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Lichen  islandicus  (Iceland  moss),  contains  also  inuline.* 
He  afterwards  found  this  observation  confirmed  ;'f  but  the 
proportion  of  inuline  is  exceedingly  small  If  a decoction  of 
the  bchen  be  thrown  down  by  sub-acetate  of  lead,  the  preci- 
pitate consists  wholly  of  amylate  of  lead,  the  inuline  being 
retained  in  solution.  If  sulphuretted  hydrogen  be  passed 
through  the  filtered  liquid,  only  a little  un-crystallisable  sugar, 
produced  from  the  inuline,  is  obtained  after  filtering  and  eva- 
poration. The  composition  of  the  organic  part  of  amylate  of 
lead  is  the  same  as  that  of  common  starch, — 
and  not  0®,  as  stat^  by  Payen.J 

Now,  as  the  formula  of  the  cellulose  from  all  kinds  of  plants, 
and  therefore  also  from  the  lichens,  is  flio  Qio  + i aq., 

* Betzeliiu,  Lehrbuch,  Bd.  VIII.,  3.  452. 
t Aniul.  de«  Sc.  Nat.  Aout,  1840,  p.  85,  Bot. 

X It  appeared  from  analjaea  of  lichen-starcb,  which  I made  in  183S,  that  it 
haa  Uiu  oompoaition.  (Bulletin,  1838,  p.  41.) 


Found. 

Atoms. 

Calculated. 

0 

I. 

44.71 

II. 

45.13 

12 

44.92 

H 

626 

6.30 

10 

6.11 

0 

40.03 

48.53 

10 

48.97 

I found  that  the  equivalent  weight  of  thia  atarch  ia  1021,  or  the  half  of 
= 2042.04.  In  theae  experimenta,  I alao  obaerved  that  the  decoc- 
tioo,  after  aobaidence,waa  turned  aomewhat  blue  b; iodine,  the  remainder  becom- 
ing jellow.  Theae  two  aeparate  coloura  produce  green  when  the  substancea  are 
■iied  together.  I obaerved  then,  that  the  colour  waa  the  aame,  aa  if  common 
itaiefa  and  inuline  had  been  diaaolved  in  water,  and  iodine  added ; the  colour 
being  then  alao  green. 

Pajen  haa  aince  demonatrated  the  presence  of  inuline,  and  thia  baa  been 
coinpletelj  ascertained  in  the  manner  mentioned  above. 

Thna,  if  we  precipitate  a decoction  of  the  lichen  with  alcohol,  we  obtain  a 
mixtare  of  atarch  and  inuline  ; and  though  the  sole  difference  in  their  com- 
position ia  4 equivalent  of  water  (HO),  yet  it  was  still  desirable  to  analyse 
pure  lichen-starch,  wholly  free  from  inuline. 

For  thia  purpose,  Beckers  precipitated  a sointion  of  lichen-starch  in  water, 
hj  basic  acetate  of  lead  ; the  inuline  then  remained  in  solution.  After  the 
precipitate  was  properly  washed,  and  dried  at  248°  Fahr.,  the  composition 
was:— 

C 44.48 
H 6.00 
0 49.62 

The  composition  of  starch — namely.  O’*  C** — being  thus  the  result,  again. 

r 
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the  formutiQii  of  lichen-starch  is  not  difficult  to  explain.  For 
cellulose  and  dextrin  are  in  general  to  be  considered  as  the 
sources  of  starch  and  sugar  in  plants  ; the  cellulose,  in  its 
turn,  being  produced  from  dextrin.  We  find,  however,  that 
cellulose  contains  i equivalent  of  water  more  than  common 
starch  ; so  that  there  is  not  only  a physical,  but  also  a chemi- 
cal difference  between  these  two  substances.  For  the  same 
reason.  Lichen-starch,  free  from  inuline,  is  not  cellulose,  being 
chemically  different  from  it. 

But  lichen-starch,  free  from  inuline,  is  also  different  from 
common  starch.  We  have  learned  this  already,  from  the 
peculiar  change  of  colour  caused  by  iodine  in  a decoction  of 
lichen-starch.  This  decoction  contains  only  a very  small  pro- 
portion of  inuline  ; nevertheless,  its  colour,  when  mixed  with 
iodine,  is  green.  In  a solution  containing  common  starch,  this 
green  colour  could  appear  only  where  little  starch  and  much 
inuline  were  present.  If  a diluted  decoction  of  Iceland  moss, 
after  being  coloured  with  iodine,  is  allowed  to  settle  for  a while, 
the  layer  at  the  bottom  is  yellow,  and  that  immediately  above 
is  blue.  Thus  the  decoction  contains  hot/i  common  starch 
and  inuline.  But  as  the  projiortions  of  the  substances, 
coloured  respectively  yellow  and  blue  by  iodine,  are  not  the 
same  as  those  of  the  starch  and  sugar  (the  latter  produced 
from  inuline),  which  are  separated  from  the  decoction  by 
basic  acetate  of  lead,  there  must  exist  in  the  Iceland  moss  a 
third  kind  of  starch  ; one,  namely,  which,  like  inuline,  is 
turned  yellow  by  iodine,  and,  like  common  starch,  can  be  pre- 
cipitated by  basic  acetate  of  lead.  It  must  even  constitute 
the  chief  part  of  the  lichen-starch. 

Nothing,  however,  is  more  in  accordance  with  the  character 
of  natural  products,  than  the  existence  of  transition-forms 
between  cellulose  and  other  substances,  nearly  approaching 
either  to  starch  and  dextrin,  or  to  starch  and  sugar  ; — as  these 
three  substances  are  undoubtedly  produced  from  the  cellular 
tissue  itself,  or  at  least  from  such  molecules,  as,  being  predis- 
posed to  produce  cellular  substances,  have  only  to  assume  an- 
other arrangement,  under  a sliglit  difference  of  circumstances. 

In  other  species  of  moss,  other  kinds  of  starch  also  are 
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found.  If  Yfe  boil  the  Lichen  fastiglatus,  we  obtain  a sort  of 
stfreh,  which,  like  that  from  the  Lichen  islandicus,  becomes 
covered  with  a pellicle  when  evaporating,  but  does  not  gelatin- 
ise when  cooled.  Though  Insoluble  in  cold  water,  it  swells  in 
it  to  a jelly.  The  Lichen  fraxineus,  when  boiled,  produces  a 
similar  kind  of  starch,  which  does  not  become  a jelly  on  cool- 
ing. The  Lichen  fastigiatus  gives  a transparent,  gelatinous 
precipitate  with  basic  acetate  of  lead,  with  which  also  common 
starch,  and  that  from  Iceland  moss,  give  an  abundant  preci- 
pitate ; while  the  decoction  of  Lichen  fraxineus  gives  no  pre- 
dpitata  An  infusion  of  gall-nuts,  which  precipitates  com- 
mon starch,  and  that  from  Iceland  moss,  does  not  act  upon 
those  from  Lichen  fastiglatus  and  Lichen  fraxineus. 

Thus,  there  are  several  varieties  of  starch,  which  are  pro- 
bably combinations  of  common  starch,  either  with  dextrin  or 
with  sugar ; of  the  latter  we  have  an  instance  in  inidine. 

The  starch  of  the  cryptogamic  plants  has  often  been  in- 
vestigated. Its  reaction  with  iodine,  for  instance,  has  been  ex- 
amined by  Vogel,*  and  after  him  by  Dietrich. ■}•  Vogel  found 
that  the  starch  from  the  Lichens  was  coloured  green  by  iodine, 
instead  of  blua  Meyen,  however,  asserts  that  the  whole  tissue 
of  plants  gives  a blue  with  iodine  ; but  as  this  substance  is  not 
converted  into  a jelly  by  boiling,  as  common  starch  is,  it  has 
been  called  by  Schleiden,  Amyloids.  Common  starch  has  been 
found,  by  Vogel,  in  the  stalks  of  the  Lycopodiacem,ln  the  cellu- 
lar tissue  of  Bhizocarpe®,  in  the  so-called  anthers  of  Chara ; 
by  Dietrich  in  the  Parmelias,  in  Stlcta  pulmonacea,  Sphaero- 
coccus  crispus,  Sphaerococcus  helmintochorton,  &c.  We  have, 
however,  already  seen  (p.  205)  that  the  reaction  with  iodine 
is  not  sufficient  to  prove  the  existence  of  starch,  as  Mohl  and 
Schleiden  have  observed  the  cellular  membrane  in  many 
plants  turned  blue  by  iodine.  A great  many  transition  forms 
intervene  between  cellulose  and  inuline,  common  starch 
being  only  one  of  them. 

Inuline.  In  many  plants,  but  especially  in  Dahlia,  Helenium, 
and  Taraxacum,  there  is  found,  even  much  more  generally  than 

* Linaca,  Bd.  15,  S.  59. 

t Erdmann  und  Msrehand's  Journal,  1842,  Bd.  25,  Heft  6,  S.  877. 
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common  starch,  a substance  which,  though  hitherto  almost 
always  overlooked,  can  be  extracted  by  boiling  water,  and  is 
precipitated  by  cooling ; which,  after  repeated  boiling  and  cool- 
ing, remains  finally  soluble ; which,  being  boiled  a long  time 
in  water,  is  changed  into  un-crystallisable  sugar,*  and  which, 
as  Payen  states,  undergoes  a similar  change  by  the  action  of 
acetic  acid.'f*  The  proportion  of  carbon  it  contains  is  slightly 
different,  according  as  it  is  in  the  state  in  which  it  readily 
precipitates  from  a cooling  solution — its  carbon  being  then  at 
the  highest  point ; or  in  the  state  in  which  it  is  soluble  in 
cold  water — its  carbon  being  then  at  the  lowest 

This  substance  was  subjected  to  a great  many  analyses  be- 
fore its  real  composition  was  ascertained.  X It  is  surprising 


* Ballctio,  18.)8.  Onderzoek.  Deel  I. 
t Ann.  d<M  Sc.  Nat.  Aofit,  1840,  Botan.,  p.  86. 


$ By  analysing  innline  from  Taraxacnm  and  Heleninm,  I found  its  eompoai- 
tion  to  bo  as  follows  (Bulletin,  1838,  p.  41) : — 


Taraxacum.  Helenium. 

Atoms. 

Calculated. 

c 

44.75 

45.04 

12 

44.91 

H * 

6.20 

6.28 

10 

6.11 

0 

49.05 

48.68 

10 

48.98 

PamslI  found  afterwards  (Anna!,  der  Phannaeie  nnd  Chemie,  Bd.  39,  S, 

318)  the  composition  of  inuUne  from  the  Dahlia  to  be 

as  follows : — 

I. 

II.  III. 

Atoms. 

Calculated. 

C 

43.95 

44.07  43.90 

24 

43.71 

H 

6.34> 

6.45  6.41 

21 

6.25 

0 

49.71 

49.48  49.69 

21 

60.04 

By  adding  to  a solution  of  inuline,  acetate  of  lead,  and  afterwards  ammonite 

he,  in  two  preparations. 

obtained  two  different  precipitates : — 

Found. 

Atoms. 

Calculated. 

C 

16.65 

24 

16.42 

H 

2.44 

21 

2.35 

O 

18.48 

21 

18.81 

PbO 

62.43 

5 

62.42 

Found. 

Atoms. 

Calculated. 

c 

22.46 

24 

23.81 

H 

2.94 

18 

2.79 

0 

23.37 

18 

22.88 

PbO 

51.23 

3 

52.03 

Prom  analyses  by  Croockewit  (Schoik.  Onders.  D.  I.)  it  appeared,  that  those 

of  Parnell  are  accurate. 

He  found— 

For  Innline  from  Dahlia. 

C 

48.96 

43.94 

44.01 

H 

6.30 

6.28 

6.21 

0 

49.76 

49.78 

49.78 
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to  see  how  readily  it  is  changed  into  sugar ; and  as  it  can 
combine  with  the  sugar,  and  carries  this  sugar  with  it,  espe- 
cially in  its  combinations  with  bases,  it  necessarily  follows,  that 
the  elementary  analyses  of  inuline  from  different  plants  and 
different  preparations,  as  well  as  of  its  combinations  with  other 
substances,  must  give  different  results.  The  composition  of 
inuline,  when  insoluble  in  cold  water,  is  0^®.  It  has, 

therefore,  the  composition  of  starch,  with  which  it  possesses 
also  some  properties  in  common ; however,  it  is  neither  changed 
into  a jelly  by  warm  water,  nor  does  it  turn  blue  with 


That  ii  = 2 (C“H“0«)  + HO. 

For  Inuline  from  Heleniam. 

c 

44.30 

44.41 

H 

6.23 

6.26 

0 

49.47 

4943 

That  is 

■*  2 (C“  H“  0**)  + i HO,  or  ^ Aq.  more  than  I found. 

He  aaalTsed  lead  aalu  of  inaline  from  Dahlia  and  Helenium ; these  salts  being 
prepared  from  the  same  quantitiea  of  inuline,  dissolved  in  the  same  quantity 

of  water,  and  precipitated  by  the 

same  mUtare  of  acetate  of  lead  and  ammo- 

aia  These  lead  salts  mutoally  differed,  but  still  more 
isanner  of  preparation,  other  quantities  were  taken. 

so,  when,  with  the  same 

I.  Helenium. 

Found. 

Atoms. 

Calculated. 

C 

21.52 

24 

22.81 

H 

2.85 

18 

2.79 

0 

22.58 

18 

22.38 

PbO 

53.07 

3 

52.02 

I.  Dahlia. 

Found. 

Atoms. 

Calculated. 

C 

25.20 

32 

26.22 

U 

3.32 

24 

3.21 

0 

27.68 

24 

26.72 

PbO 

43.92 

8 

44.85 

II.  Helenium. 

Found. 

Atoms. 

Calculated. 

C 

19.13 

24 

19.22 

H 

2.39 

19 

2.48 

0 

20.61 

19 

19.89 

PbO 

57.87 

4 

58.41 

U.  Dahlia. 

Found. 

Atoms. 

Calculated. 

C 

17.38 

16 

18.10 

H 

2.18 

12 

2.22 

0 

18.82 

12 

17.76 

Pb  0 

62.14 

3 

61.92 
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iolliue,  but  yellow.  It  may  just  as  well  be  called  a variety  of 
sugar,  insoluble  in  cold  water,  and  destitute  of  taste,  as  a va- 
riety of  common  starch.  The  above  mentioned  composition 
was  that  given  by  inuline  from  Tara.xacurn  and  Helenium.  By 
another  method  of  preparation,  in  which  the  inuline  was  made 
more  easily  soluble  after  the  warm  solution  wa.s  cooled,  it  had 
this  composition  : — 

2 (C>2Hi0O>0)  + i A<p 

The  inuline  from  Dahlia-roots — that  which  is  more,  ivs  well 
as  that  which  is  less  soluble  in  the  cooled  solution,  had  this 
composition : — 

2 (C12  HioolO)  -I-  no. 

This  incrciusing  proportion  of  water  is  owing  to  an  admix- 
ture of  un-crystallisable  sugar,  with  which  inuline  combines 
intimately. 


Wc  see  uo  simple  relation  among  these  four  lead  salts,  prepared  two  b;  two 
in  the  same  manner.  Putting  Aqua  for  Pb  O,  wc  have— 

For  Helenium,  I C**  O'*  + 3 Aq 

II C«  H'*  O'* -H  5 Aq 

And  for  Dahlia,  I.  C»  H**  O**  -P  8 Aq 

II C“  H**  0“ -P  6 Aq 

Thus  they  appear  to  contain  a different  substance.  It  has  been  ascertained 
that  these  inulatcs  of  lead  contained  glucate.s,  pure  inulates  perhaps  not  existing. 

From  this,  it  is  inferred  that  inuline,  where  it  becomes  soluble  in  cold  water, 
is  no  longer  a pure  chemical  compound,  but  a combination  of  on-crrstallisable 
sugar  (glucose),  with  prccipitable  inuline. 

This  has  been  completely  confirmed  by  Payen's  analyses  (.\nn.  des  Sciences 
Natur.,  Aofit,  1840,  p.  91),  who  found  in  the  two  varieties, — 

1°  Common  Inuline. 


At  302*  Fahr. 

Atoms. 

Calculated. 

c 

44.55 

24 

44.91 

H 

6.12 

20 

6.11 

0 

49.33 

20 

2°  Soluble  Inuline. 

48.98 

At  338°  Fahr. 

Atoms. 

Calculated. 

C 

44.19 

24 

43.71 

H 

6.17 

21 

6.25 

0 

49.64 

21 

50.04 

Paven  docs  not  admit  this  distinction,  but  calls  them  isomeric.  From  the 
almvc  experijnonts,  however,  and  from  the  fact,  that  a greater  proportion  of 
carbon  was  obtained  in  his  first  analysis,  the  conclusion  is  incontestible,  that 
prccipitable  inuline  contains  leas  water  than  the  soluble  modification. 
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If  we  try  to  j)roduce  combinations  of  inuline  with  bases, 
the  product  is  always  a mixture  of  an  inulate  with  a glucate. 
The  uncrystallisable  sugar,  existing  already  in  inuline,  is 
changed  into  glucic  acid  by  a base.  It  is  highly  probable, 
that  pure  initiates  do  not  exist  at  all. 

Does  pure  inuline  exist  ? As  far  as  experiment  entitles  us 
to  say,  this  is  doubtful.  It  is  a necessary  conseqhcnce  of  the 
only  method  of  separating  it  from  plants,  that  a little  sugar 
mast  immediately  be  formed,  which  combines  with  the  un- 
changed inuline.  But,  on  the  other  hand,  it  appears  that  the 
chanee  of  inuline  into  sugar  takes  place  in  the  plant,  for 
which  reason  a difference  of  one  half,  and  even  of  one  equiva- 
lent of  water,  may  really  exist  between  the  inuline  from  Hele- 
n'mm  and  that  from  the  Dahlia 

From  the  great  facility  with  which  inuline  is  convertible  into 
sugar,  it  must,  like  dextrin,  be  placed  between  sugar  and  com- 
mon starch.  In  many  plants,  dextrin  is  a transition  substance 
from  common  starch  to  sugar,  as  is  the  case  when  either 
sulphuric  acid  or  diastase  acts  on  common  starch.  In  other 
plants,  inuline  is  such  a transition  substance  between  common 
starch  and  sugar,  without  the  formation  of  dextrin  ; perhaps, 
likewise,  between  cellulose  and  sugar.  This  is  the  reason  why 
inuline  exists  in  many  plants;  and  why  on  suddenly  disappear- 
ing at  certain  periods,  it  causes  the  parts  of  plants  to  become 
sweet 

As  the  composition  of  unchanged  inuline  is  exactly  the 
same  as  that  of  cellulose,  it  is  probably  produced  from  the 
latter,  and  not  from  common  starch. 

Raspail  thought  he  observed  an  intimate  connection  between 
common  starch  and  inuline,  because  the  tubers  of  Helianthus 
tuberosus  contain  occasionally  common  starch,  instead  of  inu- 
line This  fact,  however,  in  my  opinion,  proves  nothing;  for 
the  roots  of  the  carrot,  in  its  wild  state,  contain  almost  no 
sugar,  and  are  Inedible  ; the  cellulose  being  converted  into 
wood  This  is  also  the  case  with  many  other  cultivated  plants. 

Meyen  has  made  the  observation,  that  in  fresh  Dahlia-roots, 
inullae  exists  in  a state  of  solution,  and  can  he  deposited  in 
the  shape  of  globules,  by  freezing.  He  states  that  these  glo- 
• bules  resemble  those  of  common  starch,  in  that  tw’o,  three. 
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or  more  adhere  together,  but  that  they  are  different,  in  so  far 
as  they  are  not  formed  of  concentric  layers.  In  the  fresh  and 
growing  tubers,  before  freezing,  not  a trace  of  these  globules  is 
to  be  perceived.  The  sap  from  Dahlia-roots  may  be  filtered 
through  paper  and  clarified  by  albumen,  and  yet,  when  eva- 
porated and  cooled,  inuline  is  deposited  as  a precipitate.* 

C.  Dextrin  and  Gum. 

By  roasting  common  starch,  or  by  treating  it  with  a certain 
substance,  existing  in  malted  barley,  and  called  diattate,  or 
with  diluted  sulphuric  acid,  it  is  changed  into  a substance, 
which  is  soluble  in  water,  and  which  exists  in  almost  every  part 
of  plants.  This  substance  is  called  dextrin,  and,  in  a physiolo- 
gical point  of  view,  ought  not  to  be  confounded  with  what  we 
usually  call  gum.  The  latter  exudes  from  the  bark  of  many 
kinds  of  acacia  After  being  exposed  to  the  air  and  separated 
from  the  water  by  drying,  it  appears  as  an  almost  chemically 
pure  substance,  similar  to  dextrin  in  most  of  its  properties, 
and  in  composition.  The  formula  for  both  is  the  same  as  that 
for  starch,  namely,  yio  oio.-f*  When  starch  is  boiled  in 
water  for  some  time,  an  abundance  of  dextrin  is  produced. 

Dextrin  may  also  be  produced  from  cellulose,  both  by  dias- 
tase and  by  sulphuric  acid  : by  the  latter  dextrin  may  be  pro- 
duced also  from  incrusted  cellulose  (wood).  As,  however,  the 
composition  of  the  incrusting  matter  of  wood  is  different  from 
that  of  cellulose,  not  containing  hydrogen  and  oxygen  in  the 
proportions  which  form  water,  other  compounds  must  neces- 
sarily be  produced,  which,  however,  are  not  yet  ascertained  (p. 
202).  An  exceedingly  small  quantity  of  diastase  is  required 
to  convert  starch  into  dextrin.  If  the  action  of  diastase  or  of 

* Pflanzen  Phjiiologie,  Bd.  2,  S.  284. 

t According  to  an  analysis  of  Berzclins,  gum  arabic  consists  of  * 


Found. 

Atoms. 

Calculated. 

c 

42.68 

12 

42.58 

II 

6.37 

11 

6.37 

o 

SU.95 

11 

51.05 

and  it  is  bi-basic,  that  is,  combines  with  two  equivalents  of  oxide. 

Psycn  states  the  composition  of  dextrin  to  bo  C*  H*0*  + 2 RO,  so  that  2 of 
oxide  of  lead  arc  substituted  for  two  of  water.  He  has  been  led  to  this  eoncln- 
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dilated  sulphuric  acid  be  continued  too  long,  or  if  the  quan- 
titj  of  either  be  too  large,  grape-sugar  is  produced. 

It  is,  no  doubt,  by  similar  means,  that  Nature  converts 
cellulose  into  dextrin,  and  dextrin  or  starch  into  sxigar. 
She  may  not,  however,  employ  diastase.  It  is  possible  that 
plants  contain  some  other  substance,  by  which  cellulose  is 
changed  into  dextrin.  But  as,  in  malting  barley,  diastase  is 
produced  from  starch,  without  the  aid  of  art,  it  may  also 
be  produced  in  the  growing  plant,  and  convert  cellulose  into 


non  by  Dnmac,  who  thooghl  that  dextrin,  dried  at  S66’  F.  miut  lose  all  iU 
witCT,  throng  the  inflaence  of  a metallic  base.  Though  the  reralta  of  Payen'i 
saalj^  made  with  dextrinate  of  lead,  confirm  this  view  (Ann.  de  Chem.  et  de 
Fhjiiqne,  tome  65,  p.  249). 


Found. 

Atoms. 

Calculated. 

c 

19.2 

12 

19.45 

H 

2.4 

9 

2.38 

O 

19.8 

9 

19.17 

PbO 

69.1 

2 

59.00 

;et  at  a much  lower  temperature  than  856%  namely,  at  275°  Fahr.,  gum  turna 
rdloT,  and  at  356°  dextrin  ceases  to  be  dextrin  (Bulletin,  1838,  p.  182).  At 
320°  Fahr.,  gum  girea  off  an  empyrenmatic  smell,  and  the  analysis  of  it  then 


gare 

C 46.11 

H 6.06 

O 47.83 

Tbia  substance,  therefore,  is  no  longer  gum,  but  a mixture  of  pyrogenona  mat- 
ten.  I got  the  following  results  from  the  under-mentioned  sorts  of  gum,  dried 
St  260*  Fahr. 


Oum  Arabic. 

Oum  Senegal. 

Oum  Jara. 

C 

45.10 

44.92 

46.22 

H 

6.10 

6.09 

6.09 

0 

48.80 

48.99 

48.69 

Atoms. 

Calculated. 

C 

12 

44.92 

H 

10 

6.11 

0 

10 

48.97 

I obtained  from  gummate  of  lead,  prepared  from  gum  arable,  dried  at  266* 
Fahr. 

C 45.29  45.23  44.98 

H 6.10  6.01  6.00 

O 48.61  , 48.76  49.02 

Thua  the  compoeition  of  gum  is  identical  with  that  of  common  starch,  and  not 
C“H*0%  as  asserted  by  Dumas  and  Payen.  We  have  no  reason  to  suppose 
that  of  dextrin  to  be  different. 
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dextrin.  Every  formation  of  dextrin,  which  takes  place  in 
the  plant  itself,  is  probably  preceded  by  that  of  a substance 
similar  to  diaStase  ; the  production  of  dextrin  either  from  cel- 
lulose or  from  starch  being  merely  a chemical  process,  in 
which  the  plant  does  not  take  the  least  part 

The  sap  of  almost  all  plants  contains  a certain  amount  of 
dextrin.  In  the  published  analyses  of  the  greater  part  of 
plants,  it  is  called  gum.  If  one  equivalent  of  water  be 
taken  from  one  equivalent  of  cellulose,  two  equivalents  either 
of  gum  or  of  dextrin  are  formed.  Thus  a part  of  the  cellu- 
lar membranes  may  be  converted  into  dextrin  by  catalytic 
action,  without  destroying  the  cell,  if  the  vegetable  sap, 
while  passing  through  the  cells,  only  contain  a very  minute 
quantity  of  a substance,  possessing  the  properties  of  diastase 
Though  this  substance  has  not  yet  been  detected  in  plants, 
we  are  sufficiently  entitled  to  hold  its  existence  as  probable, 
and  to  compare  the  production  of  dextrin  in  plants  with  its 
production  by  artificial  meana 

What  we  usually  call  gum,  ought  not  to  be  confounded 
with  dextrin.  There  is  a real  difference  between  them. 
The  latter  may  be  changed  into  grape-sugar  by  sulphuric 
acid  and  by  diastase ; a property  which  the  former  does  not 
possess.  The  difference  is  an  important  one,  as  regards  both 
their  origin  and  their  products. 

Dextrin  belongs  to  the  nourishing  substances.  All  the 
starch  taken  as  food,  is  converted  into  dextrin.  The  gastric 
juice  possesses  the  power  of  changing  starch  and  cellulose 
into  dextrin. 

The  various  sorts  of  gum  prepared  by  nature,  differ  but 
slightly  in  their  properties.  They  all  contain  a certain  pro- 
portion of  bases,  and  are  to  be  considered  as  gummates  of 
potash,  lime,  &c.,  mixed  with  pure  gum.  They  all  leave  an  ash 
wffien  burned.  Since  they  originate  from  vegetable  substances, 
which  are  all,  more  or  less,  mixed  or  combined  with  bases, 
gum  cannot  appear  as  a chemically  pure  substance.  In  the 
gum  of  the  plum  and  cherry  trees,  &c.,  we  find  resinous  co- 
louring matters,  a little  bassorine,  &:c. ; for  this  reason,  it  must 
be  called  a less  pure  kind  of  gum.  The  gum  from  the  acacias 
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is  bv  far  the  purest  of  all,  though,  from  the  mode  oi'  produc- 
tion, it  can  never  be  chemically  pure.  Hence  it  appears, 
why  diflFerent  kinds  of  gum  exhibit  different  reactions  with 
different  chemical  substances.  All  these  sorts  of  gum  are  ex- 
cretions of  the  plant ; being  probably  produced  from  dextrin, 
without,  however,  being,  like  it,  convertible  into  sugar.  Dex- 
trin is  an  important  constituent  of  the  sap  of  plants.  Gum 
is  a product  of  comparatively  little  moment  to  the  plant  itself, 
and  is  found  in  some  plants  only.  Dextrin,  on  the  contrary, 
is  a universal  constituent  of  plants,  and  must  be  present 
during  their  growth  ; so  great  is  its  importance  in  the  sap 
of  plants 

If  we  consider  the  formation  of  cellular  substance  (which  is 
bsoluble  in  water),  in  such  different  parts  of  the  plant — a pro- 
cess that  can  only  originate  from  substances,  supplied  by  a 
liquid,  and  penetrating  through  the  pores  of  the  cells,  *.  e., 
from  a dissolved  substance, — we  are  led  irresistibly,  as  it  were, 
to  suppose  that  dextrin  is  employed  for  that  purpose.  For  it 
is  a universal  constituent  of  plants  ; — is  almost  never  ab- 
sent, whatever  may  be  the  part  or  sap  of  plants  that  is 
analysed.  We  do  not  know  any  other  substance  the  proper- 
ties of  which  fit  it  so  well  for  this  purpose.  We  may  assume 
as  a fact,  that  the  sap  of  plants  must  contain  the  elementary 
matter  of  cellulose,  and  that  in  a state  of  solution,  so  as  to  be 
able  to  penetrate  through  the  cell  walls,  and  to  supply  new 
cellular  substance  to  increase  the  number  of  cella  No  other 
material  but  dextrin  itself  is  fitted  for  this  office,  though,  in 
young  plants,  sugar  contributes  to  it  also.  By  the  production, 
during  germination,  of  dextrin  and  sugar,  which  are  formed 
from  the  starch  of  the  seeds  through  the  agency  of  albumen, 
(see  Sttffar),  we  are  led  to  suppose,  that  the  cellulose  of  the 
young  plant  is  really  formed  from  this  dextrin,  and  from  the 
grape-sugar  in  the  germinating  cotyledona  We  intend  to 
explain  this  farther,  when  treating  of  the  nourishment  of 
plants.  It  may  be  sufficient  for  the  present  to  observe,  that 
many  full-grown  plants  do  not  contain  any  sugar  ; whilst,  on 
the  contrary,  they  all  contain  dextrin,  so  that  no  room  is  left 
to  doubt  that  the  use  of  the  latter  is  to  form  cells. 
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Neither  is  there  any  doubt,  as  to  the  part  of  the  plant  in 
which  dextrin  is  produced.  The  extremities  of  the  root- 
lets deserve  especial  notice  in  this  respect.  The  series  of 
cells,  which  there  spread  themselves  out,  are  certainly  formed 
from  dextrin.  Thus  their  first  origin  is  visible  in  that  part  of 
the  plant  A solution  of  dextrin,  becoming  organized,  is  the 
source  of  cellulose ; at  all  events,  it  is  the  solution  of  a sub- 
stance, consisting  of  carbon  and  water,  whose  composition 
must  be  the  same  as  that  of  dextrin,  up  to  the  very  point  at 
which  cells  are  produced.  From  these  rootlets  it  may  pass 
throughout  the  whole  plant ; but  in  other  places  also,  dex- 
trin must  be  produced,  as,  for  example,  wherever  the  cell 
walls  are  dissolved.  (See  Th«  Formation  of 

As,  therefore,  dextrin  is  a source  of  cellulose,  so  is  it  of 
starch  and  sugar,  and  perhaps  of  other  vegetable  products 
besides  It  is  also  a source  of  the  gum  in  plants  ; — this  sub- 
stance accumulating  in  the  intercellular  canals,  sometimes  to 
a considerable  extent,  or  collecting  in  great  quantities  be- 
neath the  inside  of  the  bark,  whence  it  oozes  out  through 
small  openings,  and  thus  constitutes  the  gum  arabic,  the 
cherry  tree  gum,  &c.  De  Candolle  mentions  that  a mass 
of  about  40  pounds  weight  had  exuded  through  one  single 
opening,  in  the  bark  of  the  Unacardium  orientale. 

We  can  scarcely  mention  any  substance  in  the  vegetable 
kingdom  which  is  of  greater  importance  than  dextrin.  It  is 
almost  as  valuable  to  plants,  as  protein  is  to  animals — fur  it 
is  a constituent,  from  which  their  organism  derives  its  most 
important  products. 

Taking  the  composition  of  dextrin  to  be  the  same  as  we 
found  that  of  gum,  the  formation  of  cellulose  from  it  consists 
in  its  taking  up  i equiv.  of  water.  Thus — 

2 (C12  Hio  OiO)  + HO  = Cellulose. 

The  production  of  starch  from  dextrin  is  effected  simply  by 
an  isomeric  re-arrangement  of  dextrin  ; both  having  the  same 
composition.  This  is  also  the  case  in  the  formation  from 

* In  the  »p«cies  of  Csctui,  wc  find,  throughout  the  whole  plant,  an  abundance 
of  dextrin  in  the  nap  of  the  plant. 
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dextrin,  of  gum  arabic,  gum  Senegal,  and  of  plum  and  cherry 
tree  gums,  these  being  also  mutually  isomerip.  Finally,  the 
production  from  dextrin  of  sugar — which  is  different  in  kind, 
according  as  it  is  extracted  from  the  cane,  from  the  grape,  or 
from  fruits — consists  in  the  mere  separation  of  a portion  of 
water,  or  in  its  combination  with  an  additional  quantity. 

D.  Sugar. 

The  elementary  formula  of  the  sugar  prepared  by  plants,  is 
C12  H9  0® ; thus  the  only  difference  between  sugar,  and  the  va- 
rious modifications  of  cellulose  and  starch,  on  the  one  hand,  and  * 
dextrin  and  gum,  on  the  other,  is  in  the  proportion  of  water 
they  severally  contain.  Sugar  exists  in  many  plants  ready 
formed.  In  the  animal  kingdom  it  also  occurs  occasionally, 
as  a product  of  disease  in  diabetes  mellitis.  One  of  the  pro- 
ducts of  the  decomposition  of  gelatine  by  alkalies,  is  a kind  of 
sugar,  which,  although  containing  nitrogen,  yet  manifests  an 
intimate  connection  with  common  sugar.  The  different  spe- 
cies of  sugar,  whether  of  animal  or  of  vegetable  origin,  as 
&r  as  they  are  known,  are — 

1°  Milk-sugar: — 

C24  HI®  019 -I- 5 HO.* 

2°  Cane  sugar : — 

C12  H®0»-l-2H0.t 

* UWt^vgar,  according  to  Berzelins,  consists  of 


Found. 

Atoms. 

Calculated. 

c 

40.13 

24 

40.46 

H 

6.76 

24 

6.61 

0 

63.11 

24 

62.93 

At  2t8*  Fahr.  the  formnU  is  C»*  H”  0“,  at  802*  Pahr.  C**  IT»  0“  and  in  its 

eombinaUon  with  lead,  C“  H“  0“  + 6 PbO,  or  10  PbO. 

bu  &1bo  been  analj^ed  by  BcrzeliuB^by  Gay  Lnsaac  and  Tbenard^ 
and  otben ; und  finally  by  Peligot  and  myself  (Ann.  de  Cbem.  et  de  Pbya. 

•7,  p.  120). 

Benelins. 

Gay  L.  and  Th. 

Peligot. 

C 

42.22 

42.47 

42.26 

H 

6.60 

6.40 

6.60 

0 

61.18 

61.13 

51.14 
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3'’  Grape  sugar,  diabetes  sugar,  lioney  and  starch  sugars, 
and  fruit  sugar  j — 

C12H12Q12  + 2HO* 

To  this  class  belongs  also  the  un-crj-stallisable  sugar  (syrup 
of  potatoes),  called  glucose  by  Dumas,  and  by  others  fruit-sugar. 

A toms.  Calculated. 

C 12  42.11 

H 11  6.37 

O 11  51.52 


When  combined  with  oxide  of  lead,  one  equivalent  of  water  is  expelled  at  212* 
Fahr.  (Bulletin,  1839,  p.  300);  the  composition  is  then  : — 


Found. 

Atoms. 

Calculated. 

c 

18.76 

12 

18.99 

H 

2.69 

10 

2.58 

0 

21.40 

10 

20.70 

PbO 

57.15 

2 

67.73 

This  being  the  result  which  had  previously  been  obtained  by  Berzelius.  Pre- 
cisely at  285.8°  Fahr.  (141°  C.)  saccharate  of  lead  begins  to  lose  the  second 

equivalent  of  water 

; and  if  dried  at  302°  Fahr.  the  salt  that  remains  has  the 

composition : — 

Found. 

Atoms. 

Calculated. 

C 

19.40 

12 

19.44 

H 

2.50 

9 

2.38 

0 

18.91 

9 

19.07 

PbO 

59.19 

2 

59.11 

It  is  very  remarkable  that  the 

sugar,  after  having 

taken  2 equivalents  of 

oxide  of  lead,  retains  this  last  equivalent  of  water  so  powerfully,  till  a tempera- 

ture  of  285.8°  Fahr. 

is  attained. 

• The  sugar  of  grapes,  honey,  starch,  fruits,and  that  produced  in  diabetes,h».'ie 
all  the  composition  represented  by  C**  H**  0“.  They  have  been  examined  by 
De Saussure,  Prout,  and  Peligot  (Ann.  de  Chem.  et  de  Physique,  T.  67,  p.  142). 

Grape-sugar. 

Starch-sugar. 

Honey -sugar. 

C 

36.71 

37.29 

36.36 

H 

6.78 

6.84 

1 

0 

56.61 

56.87 

j 63.64 

DUbete^-fugnr. 

Atoms. 

Calculated. 

c 

36.7 

12 

36.8 

H 

7.3 

14 

7.0 

0 

56.0 

14 

56.2 

If  heated  to  284°  Fahr.,  this  sugar  loses  2 equivalents,  or  9 per  cent,  of  water  ; 
the  formuU  lacing  then  C“  O'*.  Peligot  states,  that  the  lead-salt,  if  dried 
at  302”  Fahr.,  is  represented  by  C**H”  0”  -(-  6 PhO. 


Digitized  by  Google 


VEUETABLE  AXD  AXIMAL  PHYSIOLOOr. 


231 


The  un-crystalllsable  sugar,  which  is  obtained  during  the 
decomposition  of  many  plants,  has  the  same  composition  as 
f crystallisable  grape-sugar. 

From  starch,  when  acted  upon  by  diastase  and  sulphuric 
acid,  the  same  un-crystallisable  sugar  is  produced  There  is 
no  doubt  that  dextrin,  the  primary  material  of  a great  num- 
ber of  substances  in  plants,  produces  sugar  by  the  action  of 
some  substances  existing  in  such  plants.  We  know  that  by 
diastase  cellulose  is  changed  into  dextrin  and  sugar. 

4’  Eucalyptus  sugar : — 

C’24  H19  019  -P  9 H 0 • 


* ^gar, — This  U a species  of  manna  produced  in  Van  Dieman's 

land  bv  various  species  of  Eucalyptus.  It  is  cither  the  natural  sap  of  the 
tm  vhich  flows  out  spontaneously— or  is  made  to  exude  in  consequence  of 
the  punctures  of  an  Insect  there  called  the  locust, — and  which,  after  being  con- 
creted by  the  sun,  is  shaken  off  by  the  wind ; or,  as  some  think,  it  is  the  sap 
cause  ted  by  the  locust,  and  afterwards  excreted  in  the  some  way  as  the  honey- 
dew,  (bund  on  the  leaves  of  many  trees  in  this  country,  is  supposed  to  be  ex- 
eWed  by  Aphides. 

For  the  discovery  of  the  peculiar  nature,  and  for  the  analysis  of  this  sugar, 
we  are  indebted  to  Johnston.  I insert  the  following  particulars  regarding  it, 
with  which  he  has  furnished  me. 

“This  sugar  occurs  in  light,  yellowish  white,  rounded  concretions,  composed 
of  confused  tnfls  of  minute  crystals,  and  it  often  falls  in  sufficient  abundance  to 
whiten  the  ground  beneath  the  trees  on  which  it  is  produced.  It  is  leas 
fweet  than  cane-sugar,  and  in  its  natural  state,  has  the  smell  of  honey.  Hot 
alcohol  dissolves  it,  and  on  cooling  deposits  the  pure  sugar  in  long  slender-pris- 
■atk  crystals,  colourless,  and  without  smell,  and  having  a great  resemblance 
to  mannite,  but  differing  much  from  it  in  composition. 

The  relations  of  this  sugar  to  water  arc  very  interesting. 

«.  In  the  state  of  crystals  it  is  represented  by — 

C**H«0“d-  9110 


h.  If  these  crystals  are  heated  rapidly  at  200  or  212",  they  melt  and  lose  11.35 
per  cent,  of  water.  In  the  glassy  state  it  assumes  when  thus  fused,  it  may  be 
kept  for  a Iqngth  of  time  at  212°  without  suffering  much  further  loss.  It  is 
now  represented  by — 

C“  II>»  0‘»  -E  -1  H 0 


The  mean  of  five  determinations  of  the  loss  at  this  temperature  was  11.20 
per  cent.,  and  when  analysed  in  this  state,  it  gave— 

Experiment.  Equivalents.  " 'uilated. 


C 40.43  24  3 

H 0 59.57  2' 


100 
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approaching  in  its  formula  to  milk-sugar,  but  differing  from 
it  very  much  in  its  origin  and  properties  (Johnston.) 


e.  But  if  the  crystals  be  slowly  heated,  and  kept  for  several  hours  at  1 50  to  1 00* 
tcUhout  fusion,  they  will  lose  nearly  16  per  cent,  of  water,  and  may  then  be 
heated  to  280°,  at  which  they  begin  to  melt,and  may  even  be  kept  for  houra 
at  300°,  without  undergoing  further  loss.  The  sugar  is  now — 

+ 2HO 

Four  several  portions  so  heated,  lost  respectively,  15.23,  15.14,  15.38,  and, 
16.09  per  cent. — three  equivalents  being,  by  calculation,  15.89  per  cent.  Two 
of  these  portions  gave  on  analysis : — 


I. 

II. 

Equivalents. 

Calculated. 

c 

42.57 

42.42 

24 

43.24 

H 

6.44 

6.59 

21 

6.30 

0 

60.99 

60.99 

21 

60.46 

100 

100 

100 

If  the  sugar  be  melted  before  the  water  is  driven  off,  the  two  latter  equivalents 
leave  it  very  slowly,  and  it  becomes  brown,  and  suffera  partial  decomposition 
before  it  is  all  separated. 

d.  If  the  dried  or  crystallised  sugar  be  intimately  mixed  with  an  excess  of 
oxide  of  lead,  and  then  gradually  heated  to  near  300°  Fahr.,  it  loses  two  mors 
equivalents  of  water,  and  becomes — 

C“H“0“  + 2PbO 

Two  portions  heated,  first  alone  to  200°  without  fusion,  and  then  to  a 
higher  temperature  after  admixture  with  oxide  of  lead,  lost  respectively — 

I.  II.  Calculated. 

Alone,  15.76  16.00  15.89 

Mixed  with  Fb  0,  21.34  20.33  20.82 

The  sugar,  therefore,  retains  2 equivalents  of  the  water,  which  appear  to  leave 
It  only  when  replaced  by  two  of  a base.  Hence  the  crystallised  sugar  must  be 
represented  by 

C«H“0“  + 2H0  + 7Aq. 

e.  The  sugar  has  a strong  affinity  for  the  whole  of  this  water,  for  if,  after 
being  dried,  it  is  exposed  to  the  air,  it  gradually  absorbs  as  much  as  makes  up 
the  nine  atoms,  and  shoots  again  into  crystals.  After  being  heated  with  oxide 
of  lead,  it  had,  by  two  days’  exposure  to  the  air,  taken  up  7 of  the  9 atoms  it 
had  previously  lost, 

/.  A solution  of  the  sugar  in  water  gives,  with  a solution  of  acetate  of  lead  on 
the  addition  of  a little  ammonia,  a lead-salt  containing  7 equivalents  of  oxide 
(7  Pb  0),  and  which,  when  dried  at  250°  with  care,  contains  71  per  cent,  of 
oxide  of  lead,  and  is  represented  by 

7PbO 

The  presence  of  this  large  proportion  of  oxide  of  lead,  however,  appears  to 
render  the  sugar  more  readily  decomposable,  when  kept  long  at  a temperature 
approaching  300°  Fahr.  For  while  the  analysis  of  one  portion  of  the  lead-salt, 
after  being  heated,  gave  the  carbon  and  hydrogen  in  the  proportion  of  C**  to  H", 
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5°  Gelatine  ISugar.*  Sulphuric  acid,  when  acting  upon 
gelatine,  forms  a kind  of  sugar,  containing  nitrogen,  repre- 
sented by — 

C8  H»  N2  07 

If  from  this  we  subtract,  C®  H5  05  = 4 equiv.  of  cane-sugar 

There  remains,  ...  0*  = urea. 

It  thus  appears  that  an  intimate  connection  exists  among"- 

mother  portion,  prepared  separately,  gave  me  C**  to  But  on  difiiising  this 
nit  Ihrongh  water,  and  decomposing  it  by  sniphuretted  hydrogen,  the  watery 
uhition,  when  evaporated  to  a small  bulk,  and  mixed  with  alcohol,  gave  a pro- 
ripitateof  gum  (dextrin!).  A portion  of  the  sugar,  therefore,  bad  been  decom- 
posed, and  converted  into  gum.  It  would  have  been  very  interesting  had  my 
stack  of  material — for  which  1 have  to  express  my  obligations  to  Sir  William 
Hooker— enabled  me  to  investigate  more  fully,  and  to  establish  the  reality  of 
this  change,  which,  though  it  no  doubt  often  takes  place  in  the  plant,  is  the  re- 
verse of  that  which  we  have  hitherto  been  able  to  effect  by  art.  It  would  have 
been  more  interesting  also  from  the  fact  that  dry  mucilage  or  bas.sorino  is  re- 
presented by  the  same  formula  as  dry  Encalyptns  sugar.  (See  p.  240.) 

p.  This  sugar  has  very  interesting  relations  to  the  other  known  varieties  of 
•agar. 

To  eant^nigar  it  has  little  resemblance.  It  agrees  with  it  in  being  readily 
blackened  by  sulphuric  acid,  but  it  differs  from  it  in  being  blackened  also  by 
caustic  alkalies. 

Like  grapt-tugar,  it  maybe  represented  in  the  crystallized  state  by  C*’  H'*  O'*, 
bat  it  differs  from  it  altogether  in  the  quantity  of  water  it  loses  at  250°,  and 
in  being  blackened,  and  decomposed  by  caustic  alkalies. 

Maemle  is  very  much  like  it  in  its  solubility  in  boiling  alcohol,  and  in  the 
prisnatie  crystals  in  which  it  separates  as  the  alcoholic  solution  cools.  But 
nannite  differs  from  Eucalyptus  sugar  in  losing  no  water  when  heated,  and  in 
diimlring  in  concentrated  sulphuric  acid  without  decomposition  ; while  the 
Suealyptus  sugar  forms  a dark  reddish  brown  solution,  without  the  aid  of  heat, 
from  which  a black  acid  is  gradually  deposited. 

To  miik-iugar  it  bears  the  closest  analogy.  Both,  when  in  combination  with 
oxide  of  lead,  arc  represented  by  C**  H‘*  0'*,  but  milk-sugar  loses  all  its  water 
when  heated  alone  to  300°,  while  in  the  same  circumstances.  Eucalyptus  sugar 
is  still  C**  H^i  0**.  Milk-sugar  is  also  verg  much  leas  soluble,  both  in  water 
and  in  alcohol." 

I may  farther  remark  that  both  of  these  sugars  arc  distinguished  by  the 
large  quantity  of  water  they  contain. 

Were  we  certain  that  the  Eucalyptus  sugar  is  derived  directly  from  the  sap 
of  the  tree,  this  circumstance  would  do  away  with  the  supposed  character  of 
animal  sugars,  that  they  contain  a larger  quantity  of  water  than  vegetable 
•agar ; on  the  other  hand,  if  it  be  really  excreted  by  insects,  this  alleged  cha- 
racteristic property  will  become  more  probable. — J. 

* The  composition  of  gelatine  sugar  is  as  follows  (Bulletin,  1838,  p.  146,  and 
Scheik.  Onderz.  Deel  I.): — 

Q 
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the  dift’erent  kinds  of  sugar — a connection  including  even 
cellulose,  common  starch,  lichen-starch,  inuline,  dextrin,  and 
all  kinds  of  gum.  All  these  substances  contain  carbon,  in 
combination  with  hydrogen  and  oxygen  in  the  proportions 
requisite  to  form  water.  As  they  all  contain  or  a mul- 
tiple of  it,  they  are  produced  from  each  other  by  a very  simple 
change — by  a mere  catalytic  action  ; and  thus  the  process  by 
which  they  are  formed  in  plants  and  animals,  is  a purely 
chemical  one. 

Cane-sugar  is  the  most  closely  related  to  starch  and  dextrin, 
though  it  differs  from  them  in  containing  one  equivalent  less 
of  water.  It  is  probable  that  in  fruits,  this  kind  o^  sugar  is 
first  produced,  and  that  it  is  afterwards  converted  into  grape- 
sugar,  by  taking  up  three  equivalents  of  water.  The  facility 
with  which  grape-sugar  is  produced  from  cane-sugar,  either 
by  fermentation,  by  diastase,  or  by  weak  acids,  is  well 
known.  It  is  remarkable  that, — the  sugar-cane,  the  beet,  the 
maple-tree,  and  a few  other  plants  excepted, — we  uniformly 
find  in  all  others,  grape-sugar  iqi4  ()14^  and  not  cane-sugar 
C12  lin  oil.  Thus,  it  would  appear,  that  in  plants  containing 
the  latter,  certain  substances  (acids?)  are  wanting,  which 
induce  the  primary  substance,  C12  0^ — which  we  may  sup- 

pose to  be  present  in  cellulose,  starch,  dextrin,  and  gum,  and 
also  in  cane-sugar — to  take  up  more  water.  Glucose,  already 
mentioned  among  the  analyses,  seems  to  be  produced  either 
from  inuline  or  from  ciystallisable  sugar,  during  the  decompo- 
sition of  some  parts  of  plants  (see  page  223).  This  is  also 
true  of  the  syrup  produced  in  preparing  cane-sugar.  Under 
the  present  improved  process,  much  more  crystallisable  sugar 
is  obtained  than  formerly,  in  treating  the  sap  from  sugar-cane, 
and  in  refining  sugar. 


Found. 

Atom,. 

Calculated. 

c 

34.27 

8 

84.39 

H 

6.51 

9 

6.32 

N 

19.84 

2 

19.92 

0 

89.38 

7 

39.37 

in  combination  with  oxide  of  lead,  it  is  found  to  have  lost  2 cquir.  of 
yatcr,  it,  composition  being  then  C»  H'  N«  0»  -|-  2 Pb  0.  With  nitric  acid  it  pro- 
nitro-Mccharic  acid,  C"  H'  N*0>  + 2 N O’  -p  4 Aq. 
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The  combination  of  a great  portion  of  water  witli  this  pri- 
mary substance  in  the  animal  body  is  especially  remarkable  ; 
— in  the  formation,  for  example,  of  diabetes  sugar,  either 
from  cane-sugar  or  from  starch,  in  diabetes  mellitis  ; and  in 
the  formation  of  milk-sugar,  which,  when  crystallised,  is 
represented  by 

2(C12H12  012). 

This  latter  is  a kind  of  sugar  which  is  found  in  milk,  and 
which  has  an  equivalent  weight  different  from  that  of  all 
the  other  kinds  of  sugar,  with  the  exception  of  that  from  the 
Eucalyptus.  Plants  agree  with  animals  in  this  respect,  that 
both  give  the  same  impulse  to  the  elements  of  cellulose,  dex- 
trin, starch,  and  sugars  already  produced,  inducing  the  forma- 
tion of  more  hydrmted  sugars. 

The  connexion  which  exists  between  cane-sugar  and  gela- 
tme-sugar  (a  nitrogenous  sort  of  sugar  produced  from  gela- 
tine by  acids),  affords  reason  for  believing  that  all  these 
complex  substances,  however  different,  have  one  or  more 
primary  compounds  in  common  ; and  also  that  sugar — which 
is  either  supplied  to  animals  as  food,  or  is  produced,  during  di- 
gestion, from  cellulose,  starch,  or  dextrin,  substances  so  rea- 
dily changeable  into  sugar  by  digestion, — belongs  in  reality  to 
the  constituents  of  the  animal  body.  For  it  is  probable  that 
the  gelatine-sugar  is  not  actually  produced,  but  is  only  se- 
parated from  its  combinations,  by  sulphuric  acid.  Thus,  in 
animals,  sugar  is  a component  part  of  the  gelatinous  tissues  ; 
but,  when  separated  from  its  state  of  combination  in  these  tis- 
sues, it  may  perform  the  same  function  as  when  either  cane  or 
grape-sugar  is  supplied  to  the  animal  for  food.  In  other  words, 
there  exists  in  the  substances  which  yield  gelatine  a primary 
matter  which  exists  also  in  cane-sugar.  If,  then,  substances  or 
tissues  containing  gelatine,  are  employed  in  effecting  the 
change  of  materials  which  takes  place  in  the  animal,  this  pri- 
mary matter  may  serve  the  same  purpose  as  cane-sugar,  when 
supplied  to  feed  the  body.  For  this  reason,  gelatine-sugar 
ought  really  to  be  classed  among  the  nourishing  substance.s. 

If  gelatine-sugar  be  in  reality  a compound  of  cane-sugar, 
in  which  1 equivalent  of  urea  has  been  substituted  for  1 
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equivalent  of  water,  it  is  highly  probable  that,  when  sugar 
is  brought  into  the  body  as  a feeding  substance,  it  may  there 
form  numerous  combinations,  and  may,  therefore,  by  no  means 
be  destined  merely  to  maintain  the  function  of  respiration. 
If  gelatine  be  formed  in  the  animal  body,  then  sugar,  either 
derived  directly  from  the  food,  or  produced  from  starch  in  the 
alimentary  canal,  may  be  used  for  this  purpose. 

In  what  part  of  plants  the  sugar  is  formed,  we  do  not 
know.  From  the  cells  in  which  it  has  been  formed,  probably 
from  dextrin,  it  is  carried  through  the  whole  plant  In  some 
parts  it  accumulates  to  a great  extent,  and  is  even  here  and 
there  conveyed  in  considerable  quantities  to  the  exterior  of 
the  plant  Of  the  latter,  we  have  instances  in  the  nectaries, 
where  we  often  see  the  sweet  sap,  after  being  concentrated 
by  the  evaporation  of  the  water,  exhibit  a beautiful  mass 
of  crystals  of  sugar.  When  sugar  accumulates  in  certain 
scries  of  cells,  it  docs  not  become  an  almost  solid  substance, 
as  gum  docs,  but  remains  in  the  state  of  a sap,  though  in  some 
plants  it  is  very  concentrated.  This  is  owing  to  its  great  solu- 
bility in  water,  and  to  the  solution  being  constantly  inclosed 
in  the  vessels  or  cells.  If,  therefore,  we  merely  press  the 
parts  which  contain  sugar,  and  in  this  manner  break  the 
vessels  or  cell- walls,  we  obtain  almost  all  the  sugar — leav- 
ing but  a very  small  quantity  behind.  From  the  birch  and 
other  trees,  a saccharine  sap  exudes  in  spring,  which,  by  fer- 
mentation, produces  birch-wina  Knight  states  that  this 
birch  sap  contains  more  sugar,  the  farther  from  the  roots 
it  is  collected  ; this  proves  that  the  sap,  rising  from  the  root 
(which  sap  probably  contains  much  dextrin)  is  changed  into 
sugar  as  it  passes  through  the  cell-walls.  It  has  recently 
been  proposed  to  prepare  sugar  from  the  stalks  of  maize, 
before  fructification  has  commenced,  for  then  the  stalk  con- 
tains a great  deal  of  sugar-sap.*  The  bleeding  of  the  vine  ia 
a familiar  appearance.  In  North  America,  sugar  is  also  ob- 
tained from  the  maple,  by  Ijoring  in  spring  a hole  tluxiugh 
the  bark  into  the  wood.  In  this  manner,  16  lbs.  of  liquid, 
having  a density  of  1.006  to  1.003,  arc  obtained  on  an  average 
every  2-t  hours,  from  a single  opening, 

Palla.*,  Soubciran,  au«l  Diot,  in  Coniptefi  Rendui,  12  .‘^epWmb.  J542. 
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We  are  taught  by  general  Chemistry,  that  to  the  true 
Tarieties  of  sugar  belong  those  substances  only,  which  contain 
hydrogen  and  oxygen,  in  the  proportions  which  form  water, 
and  which  can  produce  alcohol  by  fermentation.  The  pro- 
duction of  mannite  C®H<0®,  of  glycyrrhizine 
and  of  similar  sweet  substances,  has  no  connection  with  the 
formation  of  sugar.  They  are  probably  produced  in  plant.s 
by  the  decomposition  of  cane  or  grape-sugar.  Thus,  for 
example,  mannite  is  produced  i'rom  beet  sap,  when  it  is 
fermented  at  a high  temperature,  and  during  the  change  of 
starch  into  grape  sugar,  by  the  action  of  sulphuric  acid.  Ac- 
cording to  Mitscherlich,  even  the  Tamarix  gallica,  var.  man- 
nifera,  Ehrenb. — a plant  belonging  to  those  which  produce 
manna, — ogives  nothing  but  grape-sugar,  containing  no  man- 
nite  whatever.  It  is  almost  certain,  therefore,  that  mannite 
is  a product,  arising  from  the  decomposition  of  grape-sugar, 
and  that  in  those  plants,  from  which  manna  is  obtained, 
grape-sugar  is  formed  first. 

When  cane-sugar  is  converted  into  mannite  by  fermenta- 
tion, at  an  elevated  temperature,  lactic  acid  is  at  the  same 
time  produced ; this  acid  being  often  called  a component  part 
of  plants,  though  it  is  derived  only  from  the  decomposition 
of  sugar.  If  beet-sap  be  exposed  to  a temperature  of  86°  to 
10f°  Fahr.,  it  begins  to  ferment,  the  cane-sugar  is  converted 
into  grape-sugar,  which,  after  some  time,  also  disappears,  man- 
nite and  lactic  acid  being  found  in  its  place,  with  a gummy 
substance  besides,  which  has  the  same  composition  as  gum 
arabic.  The  latter  substance  is  remarkable,  because  it  affords 
an  instance  of  a retrograde  formation  of  gum  (dextrin  ?)  from 
sugar ; which  change,  here  an  effect  of  art,  probably  often 
takes  place  in  plants.  For  wo  frequently  sec  that  saccharine 
fruits  lose  their  sweet  taste  and  become  mealy,  as  it  is  called. 
Kothing  occurs  in  this  case  but  a formation  of  cellulose,  un- 
doubtedly preceded  by  a change  of  sugar  into  dextrin,  the 
quantity  of  sugar  being  diminished.  (See  p.  227.) 

The  gummy  substance  just  mentioned,  contains  the  ele- 
ments of  sugar ; the  change,  therefore,  is  only  an  isomeric 
one.  The  mannite  and  the  lactic  acid  are  produced  from 

“ Vogel  in  Erdmann  und  Marehand'a  Journal,  Bd.  28,  S.  L 
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iinothor  part  of  the  beet-sugar.  If  added  together,  however, 
they  do  not  rei)resent  the  formula  of  sugar.  Thus — 

C H 0 
Lactic  acid,  = fi  .5  ;> 

Mannite,  = 6 7 6 

Sum,  = 12  12  11 

To  form  grape-sugar,  one  equivalent  of  oxygen  is  wanting. 
This  oxygen  may  have  been  taken  from  the  produced  grape- 
sugar  by  the  protein  compound  in  the  sap,  which  has  been 
drawn  within  the  circle  of  action.  For  the  fermented  liquid 
contains  ammonia  ; and  therefore  the  protein  existing  there 
must  have  been  decomposed.  (Liebig.) 

At  all  events,  we  here  find  the  production  of  lactic  acid — 
a chief  constituent  of  the  animal  body — from  sugar,  by  the 
influence  of  protein  in  a state  of  decomposition  ; for  which 
reason  we  may  suppose,  that  there  is  probably  a similar  pro- 
duction of  it  in  the  animal  body.  (See  i^ato.) 

Equally  remarkable  is  the  production  of  butyric  acid  from 
sugar,  by  the  influence  of  casein,  as  has  been  found  by 
Felouze  and  Gdlis.  (Sec  Milk.) 

E.  Mucilage. 

In  various  parts  of  plants  a substance  occurs,  to  which  the 
name  of  mucilage  is  given — which,  though  insoluble  in  water, 
yet  swells  and  expands,  when  immersed  in  it,  assuming  the 
appearance  of  a mucilaginous  mass,  which  contracts  again  un- 
der the  action  of  alcohol  and  metallic  salts.  It  sometimes  ac- 
cumulates largely  in  certain  parts  ol  plants,  as  in  the  perispemi 
of  quinccsecd,lintseed,ifcc.  When  these  seeds  are  soaked  in  cold 
water,  this  mucilage  is  expanded  and  so  squeezed  out.  It  is  the 
chief  constituent  both  of  gum  tragacanth,  and  of  gum  bas- 
sora.  It  occurs  mixed  with  pure  gummy  matter  in  some 
natural  kinds  of  gums,  as  in  those  of  the  plum  and  cherry 
trees.  But  whatever  form  it  may  assume,  it  has  always  the 
same  composition,  and  the  only  difference  among  its  varieties, 
is  in  their  power  ofcomljining  with  certain  proportions  of  bases. 

The  roots  of  Salop,  Altha?a  (mallow.s),  and  Symphytum, 
nbmiiid  in  mucilajrc,  and  from  the  Ulva  crispa.  in  which  it 
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exists  in  a peculiar  form,  it  is  obtained  as  a jelly  by  boiling 
in  water. 

I formerly  considered  this  mucilage  to  be  identical  in  compo- 
sition with  pectin ; this  opinion  I derived  from  the  result  of 
the  analyses  which  I made  of  its  lead-compounds.  It  natu- 
rally contains,  however,  a large  quantity  of  carbonate  of  lime ; 
by  which  those  lead^compounds  were  rendered  impure,  so  as 
to  cause  an  inaccurate  determination  of  the  hydrogen  and 
carbon.  > 

It  has  been  shown  by  C.  Schmidt  (Annalen  der  Chemie 
and  Pharmacic,  July  1844),  that  mucilage  is  one  of  those 
bodies,  which  contain  hydrogen  and  oxygen  in  the  propor- 
tions to  form  water.  The  results  which  I obtained  from  the  sub- 
stances, precipitated  by  alcohol  and  hydrochloric  acid,  and 
perfectly  dried  before  being  subjected  to  Analysis,  differ  by 
i equivalent  of  water  from  those  of  Schmidt  When  dried 
at  302°  Fahr.,  I find  their  composition  to  be  represented 
by  the  formula,  C2<  H19  Qi®,  that  is,  to  contain,  when  com- 
pared with  starch,  just  as  much  less  of  water  os  cellulose 
contains  more.*  Schmidt  makes  it  C'2  IIio  Qi®,  when  dried 
at  the  temperature  of  212°,  221°,  230°,  and  248°  Fahr., 
and  when  dried  at  347°  Fahr.,  he  calls  it  C>2  H®  0^.  It  is, 
however,  certain  that  mucilage,  if  exposed  to  a current  of 
dry  air  at  a temperature,  increasing  from  212°  to  282°  Fahr., 
is  continually  losing  water,  and  that  at  320°  Fahr.,  it  begins 
to  be  decomposed. 

Whilst,  therefore,  we  are  indebted  to  Schmidt,  for  being 
made  acquainted  with  the  true  character  of  mucilage,  I never- 
theless consider  myself  obliged  to  represent  it  by  the  formula, 
C24 


* MacUige  from  liateeed. 

From  quinco-seed. 

From  trasacaoth. 

At  S02°  Fahr. 

At  302“  Fahr. 

At  302»  Fahr. 

C 

45.82 

46.20  ■ 

45.86 

U 

5.92 

6.03 

5.84 

0 

48.26 

47.77 

48.30 

Atom«.  Calculated. 

C 

24 

46.14 

H 

19 

5.98 

0 

19 

47.88 

Sohtikund.  Onderz.  Decl  III. 
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Sclimidt  has  shown,  that  mucilage,  when  digested  with 
dilute  sulphuric  acid,  is  changed  into  sugar.  Hence  it  sup- 
plies a link  in  the  following  series  of  substances  analogous  to 
starch : — 

(irape-sugar  and  fruit-sugar,  

Cellulose  and  soluble  inuline, 

Starch,  de.xtrin,  and  gum,  | 

Insoluble  inuline  and  lichen-starch,  | 

Mucilage,  milk-sugar,  and  Eucalyptus  | 

I 

Cane-sugar,  


C^4  H2* 

C24  H21  021 

C24  H20  o'20 

C24  1119  019 
C'24  1118  013 


Anitnal  muats.  The  product  of  the  mucous  membranes  in 
the  animal  body  has  often  been  compared  to  mucilage. 
Though  they  reallj'  agree  in  some  points,  their  character  and 
composition  entirely  differ.  Like  mucilage,  it  does  not  dis- 
solve when  mixed  with  water,  but  merely  remains  suspended 
in  it,  so  that  it  does  not  pass  through  the  filter.  When  dried^ 
it  swells  in  water,  like  gum  tragacanth  or  salep,  and  increases 
greatly  in  bulk.  Hence,  in  its  natural  state,  the  animal  mucus, 
like  the  mucilage  of  plants,  is  penetrated  by  the  salts  which 
exist  both  in  animal  and  vegetable  liquids. 

It  is  owing  to  their  character  of  insolubility  that  both  these 
substances  are  fitted  to  cover  denuded  parts  of  animals; 
— that  they  are  both  suited  to  soften  and  to  lessen  the  influ- 
ence of  acrid  substances  on  the  tender  parts  of  the  animal 
body.  It  is  for  this  reason  that  the  mucilage  of  salep,  tra- 
gacanth, &c.,  may  be  made  to  supply  the  want  of  animal 
mucus. 

These,  however,  are  the  only  points  of  conformity  between 
vegetable  and  animal  mucus,  and  they  are  only  physical.  The 
latter  contains  nitrogen,  and  in  this  respect  it  wholly  differs 
from  the  former.  Its  eomposition  and  properties  are  difi'erent 
also,  according  to  the  organs  by  which  it  has  been  produced.* 


* tVe  have,  a.s  yet,  analyses  of  only  three  varieties  of  animal  mucus,  via, 
1“  That  of  the  oviduct  of  frogs,  which  has  been  called  shooting-stars  (6Verre- 
•S'cAot),  .Scheik.  Onilcrz.  Dccl  I. 


c 

50.53 

51.03 

II 

0.53 

6.77 

N 

9.27 

9.58 

0 

33.67 

32.62 
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Thus,  for  instance,  mucus  from  the  gall-bladder  cau  be  preci- 
pitated from  its  alkaline  solution  bj  acids ; that  from  the 
urinary-bladder  is  more  or  less  soluble  in  acids  ; while  that 
iim  the  prmcv  rtw  is  soluble  in  alkalies,  and  precipitable 
bj  acida 

It  is  only  in  passing  that  I here  mention  animal  mucus, 
because  these  really  different  substances  have  been  confounded 
with  each  other,  from  the  similarity  of  their  names,  and  in 
consequence  of  their  happening  to  possess  some  properties  in 
common. 


F.  Pectin  and  Pectic  Acid. 

In  several  plants  a substance  has  been  found,  different  in 
composition  from  all  those  of  which  we  have  hitherto  treated, 
and  which  constitute  one  common  group.  This  substance  is 
nmetimes  gelatinous  and  neutral,  and  then  it  is  called  pec- 
tin ; sometimes  it  is  gelatinous  and  acid,  and  then  it  has  the 
name  of  pectic  add.  Its  composition  is  constant,  and  is  re- 
presented by  the  formula  Ci®  R8  0^®,*  being  thus  really  dif- 
ferent from  the  cellulose  series. 


We  know  the  compoeition  of  the  mneus  from  the  cesophngue  of  the  iwnllows, 
which  in  India  build  their  edible  nests  of  iL  (Bulletin,  1838,  p.l72.)  The 
pure  mneons  matter,  which  I called  neoesint,  consists  of ; — 


I. 

II. 

Atoms.' 

Calculated. 

c 

54.81 

55.02 

22 

56.17 

H 

7.02 

7.10 

17 

6.96 

N 

11.64 

11.66 

2 

11.62 

0 

26.53 

26.19 

8 

26.25 

And  3', 

we  have  analyses  of  the  mucus  from 

the  gall-bladder  of  the  ox 

Kemp. 

(Annalen  der  Phannacie,  Bd.  43,  S.  118.) 

C 

52.54 

62.25 

H 

7.96 

7.83 

N 

14.33 

14.84 

0 

25.18 

25.08 

It  apjean  from  this  either  that  animal  mucus  is  a variable  mixture  of  hele- 
rogeneons  substances,  or  that  difierent  substances  at  present  bear  the  name  of 
wwrm  in  common. 

* According  to  my  experiments  (Natuur-en  Scheik.  Archief,  Decl  V.),  pectin 
from  sweet  apples  consists  of : — 


C 

45.20 

45.61 

45.85 

Atomt. 

VI 

Calculated. 

46.47 

H 

5.85 

5.37 

5.48 

g 

4.95 

0 

49.45 

49.02 

48.67 

10 

49.58 
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It  is  found  In  the  state  of  i)ectin  in  fruits,  for  example,  in 
apples,  pears,  quinces,  cherries,  plums,  and  currants.  If  boiled 
with  sugar  and  water,  these  fruits  become  very  gelatinous ; the 
pectin  being  changed  in  form,  and  becoming  probably  a hy- 
drate. It  is  not  known  which  form  it  has  in  plants,  and  of 
what  organs  it  constitutes  a part  Pectin,  however,  is  pro- 
bably to  be  comprised  in  the  series  of  the  so-called  incrust- 
ing  matters  (see  p.  205).  If  fruits  are  boiled  with  an  alkali, 
pectic  acid  is  formed  by  the  action  of  the  alkali,  the  pectin 
being  converted  into  pectic  acid,  which  is  polymeric  with 
it  It  can  also  be  obtained  from  turnips,  carrots,  &a 

This  pectin  or  pectic  acid  is  also  one  of  the  more  impor- 
tant kinds  of  food,  but  its  elements  must  undergo,  in  the  ani- 
mal body,  a change  different  from  that  which  starch,  dex- 
trin, sugar,  inuline,  lichen-starch,  or  cellulose  undergo, — since 
pectin  and  pectic  acid  do  not  contain  hydrogen  and  oxygen  in 
the  proportions  to  form  water. 

All  these  substances,  when  combined  with  bases,  give  gela- 
tinous salts,  which  exist  in  substances  used  for  food  ; being 
either  already  present  in  the  plants  themselves,  or  being  pro- 
duced in  them  by  boiling. 

Experience  has  taught  us,  that  these  substances  are  of 
the  greatest  importance  in  the  feeding  of  animals ; but  it  is 
still  quite  unknown  how  they  are  so.  We  do  not  know  what 
change  they  undergo  in  the  animal  body.  Their  relations 
to  the  structure  and  functions  of  plants  are  also  evidently  of 


Pcctic  acid : — 

From  carroU  (Daacue  Carota.)  From  turaipo. 

C 45.48  45.47  45.41  45.36 

H 6.89  6.27  6.20  4.98 

0 49.18  49.26  49.89  49.66 

Some  of  these  substances  hare  also  been  analysed  by  Segnault  and  Fremy. 
Bcgnault  makes  the  formula  of  pectic  acid  C**  H“  0“ ; Fremy,  C**  H”  0*. 
(Ann.  dcr  Pharmacic,  Bd.  36,  S.  322.)  I therefore  requested  Fromberg  to 
make  a new  examination  of  pectic  acid ; but  he  obtained  the  same  results  as  I 
had.  (Scheik.  Onderz.  Deel  II.)  Metapectic  acid  is  polymeric  with  pectin, 
according  to  Fremy,  who  represents  the  three  substances  as  follows  : — 

Pectin,  C*‘H*'0»+  RO 

Pectic  acid,  0“  H"  0"  + 2 R O 

Mjtapectic  acid,  ...  C**  H'"  0“  -t  5 R 0 
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great  importance,  seeing  that  they  exist  in  almost  all  plants, 
and  sometimes  to  a considerable  extent. 

Pectin  is  one  of  those  substances  by  which  the  cell-walls 
are  incnisted.  In  fruits  it  is  produced  during  ripening  in 
large  quantities;  before  that  period,  it  occurs  but  sparingly. 
During  the  ripening  of  fruits,  the  appearance  of  the  cell-walls 
changes  very  much ; from  opaque  and  solid  they  become 
semi-transparent  and  loose.  Fremy  states  (Annal.  der 
Pharmac.  Bd.  37,  S.  339,)  that  pectin  is  produced  in  fruits 
by  the  influence  of  the  acids,  which  the  fruits  when  unripe 
contain ; for  unripe  fruits,  if  boiled  with  water  only,  gave  no 
pectin  ; but  if  boiled  with  tartaric,  malic,  or  sulphiu-ic  acids, 
a large  quantity  of  pectin  appeared  in  the  liquid.  This  is  an 
important  ob-servation.  We  are  taught  by  i{,  that  as  this  pro- 
perty of  producing  pectin  by  the  action  of  acids  is  not  pos- 
sessed by  the  common  incrusting  matter  (woody  matter),  the 
unripe  fruits  must  contain  another  substance,  with  which  the 
cell-walls  are  thickened.  A similar  one  must  also  exist  in 
carrots,  turnips,  and  other  plants  producing  pectin.  The  for- 
mation of  this  acid  in  iruits  is  attended  by  the  production  of 
sugar  also,  and  at  the  same  time,  the  acid  contained  in  the 
unripe  fruit  disappears ; for  we  observe,  that  while  fruits  are 
ripening,  pectin  and  sugar  simultaneously  increase. 

In  ihiits  and  other  parts  of  plants,  therefore,  pectin  exists 
in  a solid  state,  deposited  upon  and  within  the  cell-walla  If 
these  fruits  are  boiled  with  an  alkali,  pectin  is  dissolved,  and 
the  cell-walls  remain.  At  the  same  time,  however,  the  pectin 
is  changed  into  pectic  acid — a very  gelatinous  substance, 
which  readily  combines  with  bases  to  form  jellies.  If  the 
boiling  with  alkali  is  continued  for  a long  time,  the  jelly 
disappears,  and  we  obtain  an  acid  soluble  in  water,  and 
even  in  other  acids,  which  Fremy  has  called  meta-pectic  acid. 
He  found  that,  when  combined  with  bases,  it  had  the  same 
comjwsition  as  the  pectic  acid.* 

* Notwitbutanding  the  namerouB  researches  of  Holder  and  others,  men- 
htned  in  the  text,  the  subject  of  pectin  is  still  far  from  being  cleared  up. 
Chodnev  has  latcij  published  a paper  (Annalen  dcr  Pharmacie,  li.  p.  855)  on 
die  subject,  containing  the  results  of  a series  of  analyses  vhich  have  led  him  to 
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G.  Extradite  Matten. 

In  approaching  this  head,  we  cannot  but  express  our  regret, 
that  so  many  gaps  remain  to  be  supplied  in  science  It  in- 
cludes very  different  substances,  and  may  be  compared  to  the 
old  schorl-close  among  minerale  The  class  of  extractive  mat- 


resulte  differing  from  all  thoae  hitherto  pablished.  I thall  here  insert  a brief 
abstract  of  them  ; — 

1 “ Pectin  precipitated  by  alcohol  from  the  sap  of  the  pear  or  apple,  left  8 to 
8 per  cent,  of  ash,  and  gave,  by  burning,  46.03  carbon,  and  5.50  hydrogen. 
The  same  pectin  after  solution  in  water,  slightly  acidifying  with  muriatic  acid 
to  separate  the  bases,  and  again  precipitating  by  alcohol,  left  only  1.59  per 
cent,  of  ash,  and  gave  43.74  carbon,  and  5.52  of  hydrogen.  It  is  not  Im pos- 
sible that  by  this  treatment  the  pectin  may  hare  been  changed. 

2“  Pectic  acid,  obtained  by  boiling  the  rasped  and  washed  white  turnip  in 
dilute  caustic  potash,  filtering  and  precipitating  by  muriatic  or  nitric  acid,  left 
0.5  per  cent,  of  ash,  and  gave  42.22  of  carbon,  and  5.17  of  hydrogen. 

8°  Pectous  acid  is  obtained  by  boiling  the  rasped  and  washed  turnip  in 
dilute  muriatic  acid,  and  precipitating  the  filtered  solution  by  alcohol.  It 
left  0.86  of  ash,  and  gave  43.18  of  carbon,  and  6.59  of  hydrogen.  Chodnew 
considers  this  acid  to  exist  ready  formed  in  the  turnip,  and  to  be  in  combina- 
tion with  the  earthy  bases  it  contains. 

4°  The  per-pectic  acid  is  obtained  by  washing  well  what  the  dilute  muriatic 
acid  leaves  undissnlvcd  (3*’)  then  boiling  it  in  caustic  potash,  and  precipitat- 
ing by  an  acid.  If  ammonia  be  used  instead  of  potash,  nothing  is  extracted ; 
this  acid  therefore  is  not  produced  by  the  action  of  ammonia,  or  if  present  is 
insoluble  in  it.  The  dried  acid  left  0.52  of  ash,  and  gave  41.45  of  carbon,  and 
4.83  of  hydrogen. 

5®  Aleia-pectic  acid.  On  boiling  pectic  acid  in  dilute  caustic  potash,  nentra- 
lising  tho  solution  by  acetic  acid,  and  precipitating  by  acolate  of  lead,  a ,-«tt  is 
obtained ; the  composition  of  which  is  the  same  as  that  of  the  similar  salt  of 
pectic  acid. 

6®  TTie  fibre  uf  the  fruit,  or  turnip,  is  obtained  by  washing  the  ra.«pcd  fruit  or 
turnip  well  with  water,  then  extracting  it  with  alcohol  and  ether,  but  not  act- 
ing upon  it  with  acids  or  alkalies.  From  turnips  it  left  1.78  of  ash,  and  from 
apples  0.66,  and  gave  46.90  of  carbon,  and  6.27  of  hydrogen,  .\fler  boiling 
with  caustic  potash,  the  composition  was  found  by  Chodnew  to  be  unchanged, 
from  which  he  infers  that  the  proportions  of  pcctous  and  mcta-pectic  acid  in 
the  turnip  must  be  very  small.  This  conclusion  of  Chodnew  appears  to  me 
to  be  very  doubtful,  and  to  throw  a shade  of  uncertainty  upon  his  other  results, 
since  Fromberg  found  in  my  laboratory  that  diluted  caustic  and  carbonated 
alkalies  extracted  as  much  as  was  equivalent  to  10  per  cenu  of  the  dried  sab- 
stance  of  the  turnip. 

Chodnew's  experimental  and  calculated  results,  are  as  follows : — 
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ters  is  enough  to  satisfy  any  one,  who  would  arrange  organic 
nature  according  to  simple  principles,  of  the  very  limited 
knowledge  we  possess  in  regard  to  what  takes  place  within 
the  interior  of  plants. 

It  is  but  a few  years  since  the  amorphous  substances  of 
the  organic  kingdom  ceased  to  be  considered  by  many  as 
unworthy  of  investigation.  This  is  still  the  case  with  the 
extractive  matters.  It  is  only  by  unprejudiced  men,  like 
Berzelius,  that  their  great  importance  in  the  organic  kingdom 


Fibre.  Pectin.  Pcctous  acid. 


Experiment.  Calculated.  Bxper. 

Calcul. 

Exper.  Calcul 

C 4S.90  45.90  43.74 

44.09 

43.18  43.18 

H 6.27  6.01  6.52 

5.61 

6.59  5.39 

Pectic  acid. 

Pcr-pectic  acid. 

Experiment.  Calculated. 

Experiment.  Calculated. 

C 42.22  42.42 

41.46  41.68 

H 5.17  5.05 

4.83  4.17 

His  formuhe  are : — 

Fibre  of  the  &uit,  

...  C»H“0“ 

Pectin,  



...  C*H”0“ 

Pectous  acid,  

...  C»  H”  0“ 

Pectic  acid,  



...  C*H»0“ 

Per-pectic  acid,  

...  C*H‘»0» 

And  he  (tatea  further : — 

0.  That  pectic  acid  U very  sparingly  soluble  in  water,  but  dissolves  readily 
in  caoftic  potash  and  ammonia. 

& That  pectous  acid  dissolves  readily  in  water. 

a That  pcr-pectic  acid  dissolves  in  caustic  potash,  but  not  in  caiutic  am- 
ntonia. 

d.  That  the  pectous  acid  is  the  only  one  of  these  acids  that  exists  ready 
formed  in  the  turnip — that  it  exists  there  in  combination  with  lime,  which 
dilute  muriatic  acid  extracts  in  the  cold,  rendering  the  turnip  transparent,  and 
learing  the  pcctous  acid  soluble  in  water. 

f.  That  pectous  acid  is  changed  into  the  pectic  by  the  action  of  caustic 
potash. 

/ And  that  the  pectic  is  changed  into  sugar,  by  the  action  of  acids.  In  the 
turnip,  be  supposes  the  pectous  acid  to  be  the  source  of  the  sugar ; and  in 
unripe  fruits,  that  one  of  the  functions  of  the  other  acids,  such  as  the  malic 
ind  tartaric,  which  they  contain,  is  to  promote  the  transformation  of  the  pec- 
lie  and  aiulogous  acids  into  sugar  during  the  protiess  of  ripening. 

This  paper  of  Chodnew’s  adds  considerably  to  our  knowledge,  but  a repeti- 
tion of  his  researches  will,  I am  satisfied,  lead  to  considerable  modification  of 
his  results, — J. 
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is  appreciated,  although  they  are  destitute  of  any  ciystallwed 
form.  It  is  incomparably  more  difficult  to  investigate  these 
substances  than  the  crystallisable  ones  ; but  this  is  not  a 
reason  why  they  should  be  deemed  as  less  important. 

A general  idea  of  extractive  matters  has  been  derived  from 
this,  that  in  medicines  known  by  the  name  of  extracts,  a sub- 
stance has  been  found  soluble  in  water  and  alcohol,  and 
which,  assuming  a brown  colour  during  evaporation,  leaves  a 
coherent  mass  of  a dark  colour  behind.  This  substance  has 
been  called  toapy  matter  by  Scheele  In  the  plant  it  is  colour- 
less, but  when  exposed  to  heat  and  air,  it  is  changed  into  apo- 
theme,  and  acquires  a brown  colour. 

We  cannot  give  any  certain  account  of  the  transformations 
of  vegetable  substances,  until  these  extractive  matters  of 
plants  are  sufficiently  known.  In  herbaceous  and  in  non- 
herbaceous  plants,  they  are  found  to  be  of  nearly  the  same 
character.  Perhaps  it  is  always  the  same  substance,  modified 
by  an  admixture,  in  different  proportions,  of  dextrin,  sugar, 
inuline,  &c.  But  we  know  neither  the  character  nor  the  com- 
position of  this  compound,  and  since  it  is  universally  diffused 
— always  present  in  vegetable  saps — much  remains  as  to  which 
we  are  still  quite  in  the  dark.* 

We  are  equally  ignorant  as  to  animal  extractive  matters. 
They  are  substances  to  which  the  same  name  has  been  given, 
on  account  of  their  brown  colour  and  their  solubility  in  water 
and  alcohol  This  name,  however,  can  have  no  other  effect, 
than  to  keep  us  longer  in  a state  of  ignorance  on  the  subject. 
With  infinite  zeal  and  labour,  Berzelius  has  succeede<l  in  de- 
composing a great  many  animal  substances,  which  were  known 
by  the  name  of  extractive  matters.  Since  he  has  pointed  out 
the  right  way  of  investigation,  we  may  expect  that  ere  long 
we  may  obtain  some  useful  knowledge  on  this  branch  of  en- 
quiry. We  must  now  limit  ourselves  to  the  acknowledgment, 
that,  of  these  undoubtedly  highly  imjwrtant  substances  in  the 
animal  organs,  we  cannot  form  any  clear  idea  I only  allude, 

* The  fane;  of  Hermann  (Erdmann  und  Marchand'e  Journal,  Bd.  28,  8. 
63),  that  extracti  consist  chiefly  of  humic,  crcnic,  and  apocrenic  acid*, — ia  a 
word,  of  the  chief  constituent*  of  (hcaoll — U too  singular  to  be  dvcit  upon. 
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therefore,  to  this  large  class  of  bodies,  consisting,  perhaps,  of 
hundreds  of  different  compounds,  that  I may  not  conceal  our 
ignorance  by  saying  nothing.  We  know  nothing  about  the 
composition  of  these  substances  or  their  transformations,  and 
so  we  pass  them  by. 


H.  Fats. 

Both  in  plants  and  animals  a peculiar  series  of  substances 
occurs,  which  we  call  fata  The  effects  they  are  destined  to 
accomplish  in  the  animal  body,  are  the  reverse  of  those  which 
they  accomplish  in  plants ; for  they  are  consumed  by  animals, 
and,  on  the  contrary,  are  prepared  by  plants.  Hence,  their 
production  in  plants  must  be  caused  by  an  opposite  action 
from  that,  by  which  they  are  worked  up  and  converted  into 
other  substances  by  animala 

Most  of  these  fats  were  formerly  considered  as  salts  of  fatty 
acids  with  glycerine.  According  to  this  view,  whenever  a neu- 
tral fatty  body  is  produced  in  plants,  a fatty  acid  and  glyce- 
rine must  have  been  previously  produced ; and  on  the  other 
hand,  as  often  as,  in  animals,  a neutral  fat  is  worked  up,  both 
a fatty  acid  and  glycerine  may  be  employed  in  the  change  of 
materials  which  takes  place.  Since,  however,  we  know  that 
glycerine  is  not  the  base  of  neutral  fats,  but  is  only  produced 
during  their  change  into  soaps,  we  must  modify  these  conclu- 
sions. This  modification,  however,  is  limited  to  the  combina- 
tion or  separation  of  water. 

These  neutral  fats  are,  for  the  most  part,  combinations  of 
two  different  ones.  Plants  contain  a mixture  of  margarine 
and  elame  in  their  fat  oils,  such  as  olive  oil,  &c.  Animals 
contain  the  same  mixture,  but  in  other  proportions,  as  in 
human  fat,  hog* s-lard,  &a  ; while  in  the  fat  of  the  sheep  and 
other  animals,  we  find  a large  quantity  of  stearine,  combined 
with  the  margarina 

Stearine,  margarine,  and  elaine  are  the  most  generally  dif- 
fused fatty  substances  in  the  organic  kingdom  ; but  they  are 
not  the  only  ones.  There  are,  on  the  contrary,  a great  many 
other  substances,  also  fatty  and  neutral,  which  are  found  in 
determinate  parts  of  plants  or  in  peculiar  organs  of  the  ani- 
mal body.  ' 
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We  intend  briefly  to  consider  their  composition,  as  it  is 
now  generally  assumed  ; first,  however,  we  'would  say  some- 
thing of  glycerine. 

1°  Glycerine  is  a substance  readily  soluble  in  water,  having  a 
sweet  taste,  and  appearing  like  a syrup.  It  is  obtained  by 
combining  one  of  the  neutral  fats  with  a powerful  base 
into  a soap ; when  a fatty  acid  combines  with  the  base,  and 
glycerine  is  set  free.  The  composition  of  glycerine  was  long 
supposed  to  be, — 

C6  h«06 

But  Stenhouse  has  found  that  it  is, — 

C3  H2  -b  0 

— this  formula  being  deduced  from  the  analysis  of  some  neu- 
tral fats,  not  generally  dilfused  through  plants.  Recently, 
glycerine  has  again  been  analysed  by  Redtenbacher,  and  he 
found : — 

C8  H+  02  + 4H0 

This  composition  agrees  completely  with  that  found  by 
Stenhouse,  while  it  also  accords  with  the  previous  analysis 
of  Pelouze.  Redtenbacher  represents  glycerine  as  a kind  of 
alcohol,  produced  during  the  formation  of  soap.  The  matter 
C®  H+  Q2,  which  he  has  called  acroUim,  is  analogous  to 
aldehyd,  in  so  far  as  it  produces,  by  oxidation,  acrylic  acid, 
C®  H3  0®,  which  has  many  properties  in  common  with  acetic 
acid.  Like  aldehyd,  acroleine  is  very  easily  converted  into  a 
neutral,  crystallisable  substance. 

Berzelius  thinks  that  glycerine  does  not  exist  ready  formed 
in  the  neutral  fats,  but  that  it  is  a product  of  the  for- 
mation of  soap ; and  he  considers  the  base  of  the  neutral  fats 
to  be  an  oxide  of  a radical,  which  he  calls  lipyle,  represented 
by  the  formula,  H2,  and  its  oxide  by  that  of  C®  H2  0. 
Glycerine  is  thus  formed  from  2 equiv.  of  this  oxide,  with  3 
equiv.  of  water: — 

2 X C3  H20  -f  3H0  = C6H7  05* 

* Redtenbacher,  in  Ann.  der  Chem.  and  Pharm.  Aug.  1843.  Letter  from 
Berzelius,  id  June  1843. 
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The  base  of  all  neutral  fats,  containing  glycerine,  is,  there- 
fore, a compound  the  formula  of  which  is  H2  0.  Hence, 
when  neutral  fats  are  produced  in  plants,  together  with  the 
fatty  acids,  this  base  must  be  formed,  and  when  neutral  fats 
are  consumed  in  animals,  this  base  must  be  consumed  also. 

2°  The  most  important  of  the  fatty  acids  are  the  following : — 

Stearic  acid,  C®®  H®®  0®  + HO 

Margaric  acid,  ...  C®^  H®4  0®  + HO 

Elaic  acid,  C«  H«  0*  -I-  HO  * 

They  are  universally  diffused  in  plants  and  animals.  When 
combined  with  C®  H®  0,  they  form  stearine,  margarine,  elaine, 
or  thd  neutral  fats.  In  this  neutral  state  they  usually  occur 
in  plants  and  animala  It  sometimes  happens,  however, 
that,  by  the  influence  of  powerful  bases,  C®  H®  0 is  separated 
in  the  organic  kingdom,  and  thus  compounds  of  fatty  acids 
with  soda,  &c.,  are  produced. 

The  other  fatty  acids,  at  present  known,  are : — 


* Redtenbacher  and  Varrentrap,  by  whom  these  acids  were  last  analysed, 
gare  the  following  fonnolae : — 

Stearic  acid,  C®  H®  0*  + HO 

Margaric  acid,  C“H»0>  + H0 

Elaic  acid,  C«  H»0*  + HO 


Bet  Berzelioa  has  remarked,  that  the  analyses  agree  better  with  the  formulae 
atenuoned  in  the  text,  as  shown  by  the  following  comparison  of  the  calculated 
>ad  experimental  results. 


a.  Stearic  acid  of  Redtenbacher. 


Found. 

Atoms. 

Calculated. 

c 

76.53 

68 

76.76 

H 

12.93 

69 

12.90 

0 

10.62 

6 

10.84 

b.  Margaric  acid  of  Redtenbacher. 

Found. 

Atoms. 

Calculated. 

c 

76.64 

34 

75.64 

H 

12.86 

35 

12.71 

0 

11.50 

4 

11.65 

e.  Elaic  acid  of  Varrentrap. 

Found. 

Atoms. 

Calculated. 

C 

76.78 

44 

76.89 

H 

11.89 

41 

11.69 

0 

11.88 

5 

11.42 

iahresbericht.  21  Jahrg.  S.  286. 
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Cocinic  acid,  C^"  0^  + HO 

produced  by  forming  cocoa  butter  into  a soap.* 

Myristic  acid,  C28  H28  Q8  + HO 

by  forming  a soap  of  nutmeg  butter,  of  which  it  constitutes 
the  greater  part ; being,  however,  combined  with  two  other 
fatty  substances  besides.'f' 

Palmitic  acid,  C®2  H32  Q8  + HO 

by  forming  palm  oil  soap.J 

Laura-stearic  acid,  ... 
by  forming  a soap  of  laurel  olL§ 

We  shall  first  treat  of  those  fatty  acids,  which  are  found 
in  plants. 

When  salad  oil  is  conveyed  into  the  stomach,  it  may  pass 
unchanged  into  human  fat ; for  both  consist  of  margarine 
and  elaine,  though  in  different  proportions.  Now,  as  marga- 
rine and  elaine  are  found  in  a great  many  vegetables  which 
are  used  for  food,  nothing  is  more  simple  than  to  assume  a 
transference  of  these  substances  from  vegetable  food  into  the 
fats  of  the  animal  body. 

* Cocinic  acid.  Bromcia. 

Found.  Atom*.  Calculated. 

C 73.39  27  73.36 

H 12.37  28  12.42 

0 14.24  4 14.22 

Bericliiis,  ibidem,  S.  311.  Bromcis  makca  its  formula  C®  H®  0*. 
t Myristic  acid.  Playfair.  Ann.  der  Chem.  und  Pharm.  Bd.  38,  S.  152. 


Found. 

Atoms. 

Calculated. 

c 

74.06 

28 

73.75 

H 

12.29 

29 

12.54 

0 

13.65 

4 

13.71 

Playfair  makes  it  C*  H®  0*  + HO. 
t Palmitic  acid.  Stenhousc. 

Found. 

Atoms. 

Calculated. 

C 

75.48 

32 

75.08 

H 

12.41 

33 

12.64 

0 

12.11 

4 

12.28 

Stcnhousc  calculates  it  according  to  the  formula,  C®  II®  0*  4-  HO. 

§ Marason,  Annal.  der  Chem.  und  Pharm.  Bd.  41,  8.  334. 

Atoms.  Calculated. 

C 24  75.61 

II  23  11.92 

0 3 12.47 
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But  if  food  of  this  kind,  containing  margarine  and  elaine,  l>o 
eaten  by  a sheep,  these  substances  must  undergo  some  chemi- 
cal alteration  in  the  body  of  the  animal,  since  mutton  fat 
contains  stearine  in  abundance.  As  to  margarine,  this  change 
is  very  simple.  If  we  neglect  the  glycerine,  it  is  represented  in 
the  following  manner  : — 

From  2 equiv.  margaric  acid,  C®*  H®*  0® 

Take  1 equiv.  stearic  acid,  C®®  H®®  0® 

There  remains  ...  0^ 

Thus  from  2 equivalents  of  margaric  acid,  1 equiv.  of  stearic 
acid  is  produced,  and  1 equiv.  of  oxygen  is  given  off.  It  is 
highly  probable,  that  such  a deoxidation  of  the  margaric  acid 
in  the  food  of  the  sheep  is  really  effected ; and  that,  on  the 
other  Land,  when  mutton  fat  is  used  for  food  by  man,  stearic 
acid  is  converted  into  margaric  acid,  by  the  absorption  of 
oxjgen. 

Although  the  fatty  acids  may  thus  easily  be  transformed  into 
each  other,  yet  when  stearine  is  converted  into  margarine, 
a portion  of  oxide  of  lipyle  is  wanting.  The  one  half  of  the 
stearine  combining  with  half  an  equivalent  of  oxygen,  and 
with  the  whole  of  the  oxide  of  lipyle  present,  is  changeil  into 
margarine — the  other  half  remains  as  stearic  acid.*  Hence 
when  a man  eats  mutton  fat,  one  of  three  things  must  hap- 
pen— either  some  oxide  of  lipyle  must  be  produced  in  his 
body — or  glycerine  must  be  present,  which,  under  certain 
conditions,  combines  with  stearic  acid  and  | equiv.  of  oxy- 
gen to  form  margarine — or  (and  this  is  the  more  probable 
supposition)  the  half  of  the  stearic  acid  must  be  applied  in 
the  animal  body  to  other  purposes. 

’ The  sUtcmcnl  of  the  text  becomes  elearer  when  put  in  this  form  ; — 

Stearic  Acid.  Oxide  of  Lipjle. 

Stearine  consists  of  C“  II®  0*  + C*  H*  O 

Add  4 O Oj 

And  we  have  + C>H«0 

Deduct  one  of  margarine,  C®H**0*  + C’Xl’O 

• 

And  4 of  stearic  acid  remains,  H**  O’! 

This  stearic  acid  has  no  oxide  of  lipyle  with  which  it  can  combine  to  form  neu- 
tral stearine,  and  hence  the  consequences  stated  in  the  text. — J. 
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Tlie  fats  of  the  goat,  the  cow,  the  horse,  the  pig,  and  the 
goose,  all  contain  more  or  less  stearine,  mixed  with  marga- 
rine and  elaine.  Human  fat  is  free  from  stearine.  When 
margarine  and  elaine,  the  common  fats  in  plants,  are  con- 
verted into'  the  fat  of  one  of  these  animals ; or  when  the  fat 
of  one  animal  is  converted  into  that  of  another, — in  all  these 
cases  such  a change  as  that  we  have  above  indicated  must 
take  place 

Ela'ic  acid  is  an  anomalous  acid.  Those  which  we  have  as 
yet  mentioned,  are  all  oxides  of  a carbo-hydrogen.  Elaic  acid 
is  an  exception.  It  may  be  considered  as  a carburetted  hy- 
drogen H^^),  in  which  four  equivalents  of  oxygen  have 
been  substituted  for  four  of  hydrogen. 

C«  H«  -p  0* 

But  it  is  more  probably  a complex  substance, — for  when  it  is 
converted  into  elaidic  acid  by  the  action  of  nitrous  acid,  an- 
other fat  acid  is  at  the  same  time  produced,  which  has  a dark 
red  colour*  Also  when  it  is  melted  with  potash  in  excess, 
the  product  is  a peculiar  acid,  represented  by  0^2  0®, 

and  the  remainder,  C'2  -p  HO,  forms  3 equiv.  of  acetic 
acid,  by  absorption  of  oxygen  from  the  air.  Thus ; — 


From  elaic  acid, C'*^  H*o  0^ 

Take  the  acid,  C*2H3®OS 


And  there  remain,  

...  Ci2Hi0Of 

Add  9 of  oxygen  from  the  air,  ... 

09 

And  we  have,  

...  C12H10O10 

Which  are  equal  to — 

Three  of  vinegar,  

...  C12H9  09 

And  one  of  water,  

H 0 

C12  Hio  Oio 

We  have  thus  strong  grounds  for  regarding  elaic  acid  as  a 
compound  of  two  substances  at  least 

* Meyer,  in  Annal.  dcr  Chem.  und  Pharmacie,  Bd.  35,  p.  174. 

•p  Varrentrap,  ibidem,  p.  210. 
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When  elame,  either  iu  the  form  of  vegetable  or  animal 
food,  is  eaten  by  animals,  the  fats  of  which  contain  margarine 
and  elaine,  it  may  or  may  not  be  converted  into  margarine. 
We  do  not  know  of  any  experiments,  which  could  at  all  decide 
this.  If  we  commence  with  elai’c  acid,  leaving  out  of  view 
the  oxide  of  lipyle — only  a portion  of  its  constituent  elements 
is  employed,  when  the  supposed  change  of  elaic  into  mar- 
garic  acid  takes  place.  Thus : — 

From  elaic  acid,  0* 

Take  margaric  acid,  0® 

There  remain,  H®  0 

Hence,  when  elaine  is  changed  into  margarine,  H®  0 are 
set  free.  Now,  there  exists  a substance,  having  many  pro- 
perties in  common  with  benzoic  acid,  viz.,  sehacic  acid, 
CIO  JJ8  0®,  differing  from  the  last-mentioned  formula  only  by 
two  equivalents  of  water.  This  acid  has  not  been  artificially 
prepared  from  stearic  or  margaric  acid,  but  it  is  obtained 
from  elaic  acid  by  sublimation.  Not  a trace  of  it,  however, 
has  yet  been  found  in  the  animal  body.  It  is,  therefore,  quite 
unknown  at  present,  to  what  purpose  these  elements,  C^®  H®  0, 
are  applied. 

It  is  improbable  that  stearine,  in  the  animal  body,  is  con- 
verted into  elaine,  as  well  as  into  margarine. 

When  either  vegetable  or  animal  fat  is  brought  into  the 
body  of  an  animal,  through  the  substances  used  for  food,  it 
may  be  a question,  whether  or  not  the  neutral  fat  be  taken  up 
unchanged,  and  deposited  in  the  cellular  tissue  ? When,  for 
instance,  a man  cats  margarine  and  elaine,  we  may  ask — 
Are  these  neutral  fats  taken  up  by  the  body  unchanged  ? Or 
sre  they  first  saponified,  so  as  to  circulate  in  the  state  of  fatty 
acids,  and  then  again  brought  back  to  the  state  of  neutral 
fats,  by  uniting  with  oxide  of  lipyle,  previously  existing  in 
the  body?  If  the  latter  be  impossible,  it  is  equally  im- 
possible, that  fatty  acids  existing  in  the  food  should  ever 
be  converted  into  neutral  fats  in  the  body. 

It  may  be  assumed,  with  some  degree  of  probability,  that 
neutral  fats  enter  into  the  blood  not  unchanged,  but  saponified. 
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The  alkaline  character  of  the  pull,  when  jioured  into  the  duo- 
denum, and  generally  also  of  the  chyle,  render  it  impossible 
that  fat  should  enter  into  the  blood  without  being  saponified. 
If  it  is  saponified,  we  at  once  understand  how  (impounds  of 
fatty  acids  and  soda  should  exist  in  the  blood,  and  in  many 
parts  of  the  lx)dy.  O.xide  of  lipyle  must  then  be  liberated, 
and  changed  into  glycerine  by  taking  up  water.  When,  then, 
a soda-soap, — in  man,  for  instance,  margarate  and  eleate  of 
soda, — exists  in  the  bh»od,  no  production  of  margarine  or 
elai'ne  from  it  can  take  place  in  the  cellular  tissue,  without 
the  access  of  glycerine ; and  the  question  is,  whether  this 
substance— a compound  of  o.xide  of  lipyle  and  water — can, 
in  the  body,  again  produce  neutral  fats,  by  combining  with 
the  fatty  acids  ? 

We  may  safely  answer  this  question  in  the  negative.  Gly- 
cerine would  not  combine  with  fatty  acids  into  neutral  fats. 
But  the  oxide  of  lipyle,  in  the  nascent  state,  may  com- 
bine with  fatty  acids  into  neutral  fats,  which  may  be  depo- 
sited in  the  cellular  tissue.  It  is  in  this  w'ay,  that  mar- 
garine and  elaine  are  produced  from  the  margarate  and  eleate 
of  soda,  existing  in  the  blood — for  there  exists  in  the  body 
an  important  source  of  an  oxide  of  the  same  radical — lipyle 
— which  exists  in  glycerine. 

We  have  seen  (p.  248),  that  glycerine  contains  the  prot- 
oxide of  a radical,  called  lipyle.  The  second  oxide 

of  this  radical  exists  in  lactic  acid.  When  lactic  acid  is  su- 
blimed, a white  sublimate  is.obtained, 

The  composition  of  which  is  = 0- 

That  of  oxide  of  lipyle  being  = II^  0 
When  this  sublimate  is  placed  in  contact  with  water,  it  is 
changed  into  lactic  acid,  1 equivalent  of  water  being  taken  up 
by  2 equivalents  of  the  sublimate.  For  lactic  acid  consists 
of  C’6  H5  05. 

Now,  it  is  known,  that  lactic  acid  is  frequently  formed  in 
the  body.  This  point  has  been  illustrated  in  a very  striking 
manner,  especially  by  Lehmann,  in  some  experiments,  which 
will  be  mentioned  at  the  end  of  this  section.  It  may  hap- 
jien,  that  causes  of  deoxidation  are  at  work,  by  which  certain 
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substances  usually  converted  into  lactic  acid,  are  made  to 
produce  oxide  of  lipyle ; and  in  this  way,  neutral  fats  may  be 
produced  from  fatty  acids,  and  this  oxide  of  lipyle,  while 
in  the  nascent  state.  For  this  reason,  we  think  it  probable 
that  neutral  fats — for  instance,  salad-oil — are  not  deposited 
directly  and  unchanged  in  the  cellular  tissue  of  man,  but 
that  they  are  first  saponified,  and  that  afterwards  the  marga- 
late  and  eleate  of  soda  from  the  blood  are  again  reduced  to 
neutral  fats,  by  the  influence  of  the  lactic  acid. 

As  to  the  other  fats  of  plants,  which  we  have  mentioned 
aboTe  (p.  250),  and  numerous  fats  besides,  of  which  we  have 
as  yet  no  knowledge,  we  cannot  have  any  idea  how  they  act 
in  the  animal  body.  It  is  known  that  cocoa-butter  makes 
a man  fat ; it  contains  stearine.  What,  therefore,  we  have 
stated  as  to  the  transformation  of  stearine  into  margarine, 
is  applicable  to  this  case  Cocoa-fat,  palm-oil,  and  nutmeg  but- 
ter, of  which  the  acids  have  already  been  mentioned  (p.  250), 
are  not  so  easily  changed. . It  ought,  however,  to  be  remarked, 
that,  like  stearic  and  margaric  acids,  they  are  also  oxides  of 
a carbo-hydrogen  (C  H) ; and  hence  Dumas  has  been  induced 
to  make  the  following  comparison  among  the  known  fatty 
acids  of  plants  and  animala  I give  this  comparison  just  as  it 
has  been  given  by  Dumas,  taking  the  hydrates  of  the  acids. 
The  composition  of  some  of  them  he  has  modified  after  his 
own  ideas,  and  these  I shall  mark  with  an  interrogation. 

His  starting  point  is  margaric  acid,  and,  by  subtracting  from 
each  acid  successively  H®,  he  finds  the  following  series  of 
17  substances,  9 of  which  are  known.* 

C84  0*  margaric  acid 

C®2  H32  0*  ffithalic  acid 
C80  H30  0< 

C28  H28  0^  myristicinic  acid 
C2«  H28  0*  cocinic  acid  (?) 

£2i  H24  0^  laurinic  acid 
C22  H22  0* 

C20H20  0* 

C^8  H18  Qt  caprinic  acid  (?)  ] 

* Compt«s  Rendiio,  Tome  15,  p.  935,  1842. 
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C16  Hie  0< 

Cl*  HI*  0*  oenanthylic  acid 
Q12  HI  2 0*  capronic  acid 
CIO  Hio  0*  valerianic  acid 
C®  H8  0*  butyric  acid 
C«  H6  0* 

C*  H*  0*  acetic  acid 
C'2  H2  0*  formic  acid 

The  further  we  descend  in  this  series,  the  more  easily  can 
the  acids  be  fused.  They  all  contain  C H,  or  some  other  car- 
buretted  hydrogen,  polymeric  with  olefiant-gas,  as  pre^dously 
supposed  by  ChevreuL 

3°  In  a great  many  parts  of  plants,  especially  in  the  peri- 
sperms  of  some  fruits,  a fatty  substance  is  found,  which  can  be 
prepared  from  sugar  by  a peculiar  species  of  animal.  This  is 
wax.  It  has  long  been  known  to  exist  in  plants ; but  it  has 
only  lately  been  shown,  that  bees  can  prepare  it  from  honey, 
which  does  not  contain  any  wax  at  alL 

On  the  exterior  part  of  many  plants,  we  find  several  kinds 
of  wax.  It  constitutes  the  purple  bloom  of  grapes  and  plums- 
It  may  be  abundantly  procured  from  the  skins  of  apples;  and 
it  is  one  of  the  component  parts  of  the  mixture  which  is  usu- 
ally called  chlorophyle.  Straw  contains  a crystallisable  kind 
of  wax ; and  a crystalline  wax,  which  may  be  abundantly 
collected  from  the  surface  of  sugar-cane,  has  been  described 
by  Avequin. 

Many  of  these  substances  are  oxides  of  a carburetted  hy- 
drogen. Van  der  Vliet  found  the  formula  for 

Myricine,  ...  ...  C^OH^^O 

Cerine,  Hi»  0* 

The  latter  is  soluble  in  boiling  alcohol,  the  former  is  not ; — 
they  are  both  constituents  of  ordinary  wax. 


* Bulletin,  1 833,  {i.  134. 


Myricine. 

Fuuiul. 

AtoUM. 

ralcuUted 

C 

80.60 

20 

81.38 

H 

18.1) 

20 

13.28 

0 

6.29 

1 

5.34 

Cerine. 

Found. 

Atom*. 

Culculmtcd 

C 

77.89 

10 

77.27 

H 

12.97 

10 

12.62 

O 

9.14 

1 

10.11 
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The  formula,  which  Avequin  found  fur  the  wax  from  the 
sugar-cane  (Cerosia),  is 

C48  H60  02=48  (CH)  -I-  2H0.* 

Avequin  mentions  an  important  peculiarity  relative  to  this 
vax,  namely,  that  such  kinds  of  sugar-cane  as  contain  much 
sugar,  have  but  little  of  this  wax ; and,  on  the  contrary,  that 
such  as  give  much  wax,  do  not  contain  much  sugar.  This 
would  seem  to  imply,  that  either  wax  is  used  in  the  plant, 
to  produce  sugar,  or  sugar  to  produce  wax.  The  latter  has 
been  shown  to  be  true  in  a very  remarkable  way,  and  one 
through  which  we  obtain  a glimmering  of  a general  law, 
regulating  chemical  transformations  both  in  plants  and  in 
animala 

It  is  very  natural,  that  bees  should  simply  collect  the  wax 
which  exists  in  plants,  ready  formed.  And  it  does  so  exist 
in  planta  It  can  be  abundantly  extracted  from  the  Myrica 
cerifera,  but  it  exists  along  with  honey,  in  all  flowers  visited 
by  bees.  This,  therefore,  is  not  the  mode  of  ascertaining, 
whether  both  grape-sugar  and  wax  are  extracted  from  plants, 
% or  whether  only  the  former  is  extracted,  while  the  latter  is 
prepared  by  the  beea  It  has,  however,  been  positively 
proved  by  Gundlach,f  that  wax  can  be  prepared  by  bees  from 
sugar.  He  fed  bees  with  a solution  of  sugar-candy  in  water, 
and  saw  them  producing  wax.  He  observed,  further,  that 
bees  require  twenty  pounds  of  honey  to  produce  one  pound 
of  wax.^  Thus,  sugar-cane  and  bees  are  both  enabled  to  con- 
vert sugar  into  wax,  that  is,  into  a fatty  substance.  (See,  be- 
low, the  section  upon  CUorophyle.) 

4°  There  are  some  animals,  just  as  there  are  some  plants,  that 
contain  peculiar  fats.  There  are  even  separate  organs,  in 
which  peculiar  fata  are  found.  We  shall  briefly  enumerate 
these,  as  far  as  they  are  known. 


* Ann.  dc  Chim-  et  de  Phy»., 
Pound. 

Octob.  1840,  p.  218. 

Atoms. 

Calculated. 

c 

81.4 

40 

81.4 

H 

14.2 

60 

14.1 

0 

4.4 

2 

4.5 

t Kttargeschichte  der  Bienco.  Cassel,  1842. 

{ This  calculation  can  by  no  means  be  regarded  as  quite  accurate,  because 
koney  alvars  contains  some  wax,  unless  purposely  puribed  beforehand. 


Digitized  by  Google 


258 


THE  CHEMISTRY  OF 


In  butter  we  find,  principally  in  combination  with  oxide 
of  lipyle  (besides  margaric  and  elaic  acids),  also 


Caprinic  acid, 
Capronic  acid, 
Butyric  acid, 
and  Eleo-butyric  acid. 


CIS  OS* 
Ci2H»i  0»t 
C8  H7 

C34HS0  0<  + HO 


According  to  Berzelius,  urine  contains  free  butyric  acid ; 
according  to  Gmelin,  it  is  also  present  in  the  gastric  juice, 
and  in  the  perspiration  from  the  skin. 

The  following  fatty  substances  are  most  probably  produced 
in  the  animal  body  itself. 

Celine,  in  the  Physeter  macro-cephalus, — in  a certain  part 
of  the  cavity  of  the  brain  : — 


• Ghevreul. 

Calculated. 

C 

18 

74.10 

H 

14* 

9.74 

O 

3 

16.16 

+ Chevreul. 

Calculated. 

C 

12 

68.67 

H 

9* 

8.87 

0 

S 

22.46 

$ Butyric  acid,  de  Jong.  Scheik.  Onden.  D.  1,  p.  429. 

Found. 

Atonu. 

Calculated. 

C 

30.00 

8 

29.75 

H 

4.88 

7 

4.25 

0 

18.04 

4 

19.46 

BaO 

46.58 

1 

46.54 

See  also  BromeU,  in  Annal.  der  Chem.  und  Pharmae.  Bd. 

42,  S.  66. 

The  eleo-butyric  acid  of  Bromeis,  prepared  from  butter,  is, 

Found. 

Atoms. 

Calculated 

C 

74.41 

34 

74.55 

H 

11.96 

31 

11.10 

0 

13.63 

5 

14.35 

The  compo«itioD  comos  verjr  near  that  of  margaric  acid,  C**  H”  0‘. 

Thua  it  aecma,  that  clco-butjric  acid  U produced  bj  the  oxidation  of  mar> 
garic  acid,  and  that  it  may,  by  deoxidation,  be  the  source  of  the  latter.  Thut 
when  the  margaric  acid,  contained  in  the  cow's  fat,  is  converted  into  this  eleo- 
butyric  acid,  6 equivalents  of  oxygen  are  absorbed  ; on  the  contrary,  when  the 
eleo-butyric  acid  from  butter  used  by  man  for  food,  is  changed  into  margaric 
acid,  S equiv.  of  oxygen  are  liberated.  The  greater  part  of  bntler-fst,  however* 
)S  margarine,  mixed  with  only  a little  buttcr-elainc. 
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0236  H282 

This  cetine  contains  margaric  acid,  elaic  acid,  and  iptlial : — 

C96H99  03  = 3(C32H33  0)  = 3 X 32  (CH)  + HO  + 02 

Pkocenine.  in  the  fat  of  Delphinus  phocena : — 

C’26  H21  012 

Ckol^tterinf,  in  the  gall  and  gallstones,  in  the  blood,  in  the 
fats  of  the  brain,  in  Fungus  medullaris,  in  diseases  of  the 
ovaries  and  testicles ; — 

C'37  1132  0 

Ambramne,  in  amber; — 

C33  H32i  O (H33?) 

Finally,  the  brain  contains  several  fats,  which  have  been 
investigated  by  various  chemists — (Couerbe,  Fremy)  ; — fats, 
which,  as  they  state,  contain  phosphorus  and  sulphur.  These 
are  named  respectively  by  Couerbe,  elei'ncephol,  cerebrot,  cepha- 
lot,  itearoc&not.  Their  composition,  however,  is  not  yet  suffi- 
ciently known. 

5°  This  brief  enumeration  of  the  fats  which  exist  in  plants 
and  animals,  shows  that  the  knowledge  of  their  constitution 
is  of  great  importance  in  reference  to  that  of  the  change  of 
materials  in  animals.  Such  fats  are  very  generally  found  in 
plants,  so  that  they  appear,  at  least  in  small  quantities,  in  every 
analysis  of  the  parts  of  plants ; but  in  seeds  they  are  often  found 
largely  accumulated.  When  we  find  solid  protein  compounds 
deposited  in  plants,  we  often  find  also  a great  quantity  of  fat 
at  the  same  time.  This  connexion  between  protein  and  fat  is 
also  remarkable  in  the  animal  body.  The  brain,  which  con- 
sists principally  of  albumen,  contains  a large  quantity  of  fat. 
Milk,  of  which  the  chief  constituent  is  a compound  of  pro- 
tein, is  likewise  very  rich  in  fat  But,  on  the  other  hand,  in 
animals,  fat  is  accumulated  in  the  cells  of  the  cellular  tissue, 
occasionally  to  a very  large  extent,  independently  of  any 
protein  compound  at  all. 

From  what  has  been  stated  above,  it  is  clear  that  animals 
receive  much  fat  through  the  means  of  plants.  Hence,  the 
i)uestion  has  been  discussed  whether  all  the  fat  that  animals 
possess,  originates  in  plants.  Dumas  thinks  it  does,  while 
hieblg  asserts  the  contrary.*  On  this  point,  we  have  an  im-  > 
* Annal.  dcr  Phsrmac.  und  t'hemlo,  Bd.  45. 
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portant  proof  iu  the  case  of  the  bee.  But  the  experiments 
brought  forward  by  Dumas  were  so  striking,  that  it  appeared 
at  first  as  if  a cow  drew  really  all  the  fat,  contained  in  the 
milk,  from  her  food.*  * 

Without  inquiring,  whether  the  peculiar  nature  of  the  fat 
contained  in  nutritive  substances  had  any  influence  on  the  pro- 
duction of  fat  in  animals,  it  has  been  usual  to  consider  all  fats 
as  of  one  kind,  without  attempting  to  determine  their  nature. 
It  was  determined  how  much  fat  could  be  extracted  from  the 
food  by  ether;  how  much  food  had  been  consumed  by  an  ani- 
mal in  a given  time ; then  the  increase  in  weight  of  the  full- 
grown  animal  by  the  use  of  this  food; — and  it  was  thought  that 
such  experiments  were  suflBcient  to  decide,  either  that  all  the 
fat  secreted  by  the  animal  exists  ready  formed  in  the  food,  or 
that  part  of  it  can  be  prepared  from  other  substances,  such  as 
starch,  sugar,  &c.  The  goose  was  the  animal  in  regard  to 
which  the  dispute  originated.  When  fattened  with  Indian 
com,  the  starch  of  the  corn  must,  according  to  Liebig, 
have  been  changed  into  fat,  because  he  had  foimd  but  a mi- 
nute quantity  of  fat,  one-tenth  of  a per  cent,  in  that  kind 
of  grain.  Dumas,  however,  extracted  9 per  cent  of  fat  from 
Indian  corn,  and  thus  he  fotmd  in  the  food  which  the  goose 
had  eaten  in  a given  time,  much  more  fat  than  the  increase 
in  the  weight  of  the  goose  amounted  to.  It  has  since  been 
shown,  that  Indian  corn  contains  a very  variable  proportion 
of  fat,  and,  therefore,  that  no  conclusion  can  be  drawn  from 
this  experiment 

It  is  not  easy  to  resolve,  in  a satisfactory  manner,  the  ques- 
tion which  has  been  proposed,  for  almost  every  nourishing 
substance  contains  more  or  less  fat  Liebig,  however,  quotes 
many  examples  of  substances,  which,  although  they  are  well 
known  to  be  especially  fit  for  fattening  the  animal  body,  yet 
contain  little  or  no  fat.  All  farinaceous  substances, — rice,  peas, 
beans,  potatoes  and  corn, — are  used,  by  preference,  to  fatten 
animals.  Though  they  all  contain  fat,  it  is  only  in  small 

* Comptes  Rendus,  6 Mars,  1843,  p.  S52.  A long  statement  by  Dumas, 
Boussingault  and  Payen,  concerning  the  origin  of  fat  in  animals,  may  bo  seen 
in  Comptes  Rendns,  13  Perrier,  1843,  p.  345. 
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quantity.  Rice  gives  0.2  to  0.8  per  cent,  of  matters  soluble 
in  ether ; peas,  1.20  to  2.1  ; beans,  0.70 ; pressed  beets,  0.67  ; 
dried  potatoes,  0.35  per  cent.  Thus,  any  animal  that  has 
eaten  1000  ^unds  of  one  of  these  substances,  may  obtain 
from  them,  2 to  8,  12  to  21,  7,  6i,  or  3i  pounds  of  fat  re- 
spectively.* 

Liebig  states,  that  three  pigs,  to  be  fattened  in  13  weeks, 
require  1000  pounds  of  peas,  and  6825  pounds  of  boiled  po- 
tatoes; the  latter  being  equal  to  1638  pounds  of  dry  potatoea 
These  contaiq  together  26  pounds  of  fat,  21  pounds  in  the 
peas,  and  5 pounds  in  the  potatoea  One  fattened  pig  gives,  on 
an  average,  50  to  55  pounds  of  fat, — that  is,  the  three  toge- 
ther, 150  to  165  pounda  Each  pig,  before  being  fattened,  con- 
tains, on  an  average,  18  pounds  of  fat, — that  is,  54  pounds  for 
the  three.  If  to  these  54  pounds  we  add  26  pounds  from  the 
food,  we  get  80  pounds,  and  if  we  subtract  these  from  150  to 
165  pounds,  there  is  a remainder  of  70  to  85  pounds  of  fat, 
produced  from  the  starch,  &c.,  contained  in  the  food. 

To  these  results,  Liebig  adds  some  determinations  of  the 
fat  existing  in  the  excrements  of  the  cow,  the  quantity  of 
this  being  little  different  from  what  is  foimd  in  the  hay  and 
potatoes,  which  a milch  cow  requires  for  food.  Thus  it  would 
again  follow  from  this,  that  the  whole  quantity  of  butter, 
supplied  by  a milch  cow,  fed  upon  hay  and  potatoes,  is  made 
up  from  the  starch  and  other  constituents  of  the  food,  not  being 
drawn  directly  from  the  food  in  the  state  of  fat  For  a cow 
requires  every  day  15  popnds  of  hay,  in  which  are  contained 
1.56  per  cent  of  fat  = 1624  grains ; and  30  pounds  of  pota- 
toes, which  contain  140  grains  of  fat,  together  1764  graina 
The  excrements  of  a cow,  every  day,  weigh  nearly  8 pounds, 
containing  3.119  per  cent  of  fat,  equal  to  1750  grains,  that 
is,  about  as  much  as  the  hay  and  potatoes  contain  together,  -f* 

In  opposition  to  these  experiments  mentioned  by  Liebig, 

* A fuller  statement  of  the  proportions  of  &t  in  our  common  crops,  will  be 
found  in  Johnston's  Elementt  of  Agricultural  ChemUtry  and  Otology,  fourth 
edition,  p.  2S5. 

t Comptes  Bendus,  13  Mars,  p.  568. 
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others  lire  stuteJ  by  Payeii,*  reJating  to  two  horses^whicli  lost 
less  fat  in  their  excrements,  than  was  found  in  their  food. 
The  two  horses  together  weighed  1880  pounds.  During  14- 
days  on  which  they  were  fed  solely  with  hay,  they  consumed 
664  pounds,  in  which  were  contained  13.28  pounds  of  fat. 
During  that  time  they  gave  452  pounds  of  excrements,  which 
contained  7.344  pounds  of  matter,  soluble  in  ether ; that  is, 
5.936  less  than  was  contained  in  the  food.  During  this  ex- 
periment, the  one  horse  had  lost  26  pounds,  the  other  50 
pounds  of  its  weight.  This  experiment  was  intended  to  prove, 
that  fat  is  also  consumed  in  the  body,  and  that  it  need  not 
always  be  produced  from  other  substances. -f- 

The  opinion  that  fats  may  really  be  produced  in  the  animal 
body  from  the  food,  is  strongly  supported  by  the  fact,  that 
some  fats  are  actually  and  necessarily  produced  ; for  instance, 
the  fats  of  the  brain,  cholesterine,  cetine,  the  fats  of  the 
genus  capra,  &c.  Now,  if  fats  are  produced  in  the  animal 
body,  it  must  be  either  from  other  fats,  or  from  other  sub- 
stances, such  as  starch.  Both  processes  are  the  same,  in  so 
far  as,  in  every  case,  there  must  be  a re-arrangement  of  the 
elements.  In  a scientific  point  of  view,  therefore,  there  is 
nothing  unlikely  in  the  opinion  that  animals  are  able  to 
produce  fats ; and  Dumas,  therefore,  was  probably  in  error 
when  he  stated,  that  plants  prepare  fats  for  animals,  and 
that  animals  cannot  do  this  of  themselves. 

Of  the  purposes  served  by  the  fats  in  the  animal  body,  w'c 
shall  afterwards  speak. 

6°  When  we  examine  with  the  microscope  such  seeds  as 

• This  example  from  the  cow,  quoted  by  Liebig,  is  rejected  by  Dumas,  be- 
cause there  is  so  much  difTercncc  between  the  quantity  of  food,  butter,  and  excre- 
ments. ComptCR  Rendus,  6 Mars,  1843,  p.  559. 

f Various  other  experiments  have  since  been  pubHsho<i — the  l^est  conducted 
and  most  trustworthy  of  them  by  Bousiiingault, — all  of  which  concur  in  show- 
ing the  importance  of  the  vegetable  fats  in  mainlaining  the  condition  of  the 
animal  l>ody.  In  this  as  in  many  other  vexed  questions,  the  truth  appears  to 
He  in  the  middle  Initwech  the  extreme  opinions  of  Liebig  and  Dumas.  The 
fat  of  the  food  is  the  usual  and  natural  source  of  the  fat  of  the  animal.  But 
if  the  food  be  deficient  in  fat,  the  aiiluial  appears  in  certain  clrcuuistanocs  to 
bavc  the  power  of  forming  it  from  starch,  sugar,  and  other  substances. — y. 
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yield  oil  by  pressure, — for  instance,  the  almond, — we  perceive 
little  drops,  lying  close  together  against  the  interior  walls  of 
the  cells.  It  is  these  drops  which  are  separated  by  pressing 
the  seeds  at  the  common  temperature,  and  thus  the  oil  is  ob- 
tained. It  is  known,  however,  that  from  such  seeds  a much 
greater  proportion  of  oil  can  be  expressed,  after  they  have 
previously  been  heated  to  a certain  temperature.  By  this 
heating  a farther  portion  of  oil,  contained  in  the  seeds,  but  in 
a state  of  combination,  is  liberated,  and  may  now  also  be 
expelled  by  pressure.  This  heating  is  performed  either  by 
roasting,  or  by  exposure  to  steam  or  hot  water.  It  is  suffi- 
cient to  elevate  the  temperature  to  the  degree  at  which 
albumen  commonly  coagulates,  namely,  about  14-1°  Fahr. 

The  fatty  seeds  contain  in  their  cells,  besides  these  oily 
drops,  a large  quantity  of  irregular  globules,  consisting  of 
a yellowish  semi-transparent  substance.  This  is  a compound 
of  albumen  and  gluten  with  oil,  probably  a chemical  combi- 
nation, from  which  part  of  the  oil  is  liberated  when  the 
albumen  is  heated,  and  thus  transformed  from  one  isomeric 
condition  into  another; — (we  cannot  say  here  coagulated,  since 
the  albumen  is  in  a solid  state  already' ;) — this  being  a modifi- 
cation, which  albumen,  both  in  plants  and  animals,  very 
readily  undergoes.  All  the  oil,  however,  is  not  liberated  by 
this  process,  nor  in  all  fatty  seeds  in  equal  proportion,  some 
of  them  requiring  a much  higher  temperature,  or  repeated 
pressure  and  heating,  to  give  off  all  their  oil.  Lintseed,  for  in- 
stance, parts  with  its  oil  much  less  readily  than  almonds. 
Hence  the  reason  why  all  these  oils  contain  albumen,  and, 
for  some  purposes,  must  previously  be  purified  from  this  sub- 
stance (patent  oil). 

All  these  seeds, — the  castor  oil  bean,  hemp-seed,  &c., — con- 
tain starch,  before  they  have  reached  maturity.  But  this  starch 
disappears  as  the  quantity  of  fat  oil  increases.  As  soon  as  the 
latter  has  attained  its  maximum,  that  is,  as  soon  as  the  seed 
is  completely  developed,  not  a trace  of  starch  is  to  be  found. 
Thus,  it  is  highly  probable,  that  the  starch  serves  to  form  the 
fatty  substances;  that  the  fats  are  formed  from  starch  in  the 
cells  themselves,  while  the  albumen  and  gluten,  supplied  from 
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the  saps,  are  only  deposited  in  them.  The  simple  composi- 
tion of  some  seeds  may,  ere  loPg,  explain  the  formation  of 
fats,  and  throw  light  upon  the  chemical  conversion  of  starch 
into  fata 

In  every  case  where  fats  are  produced  from  any  substance, 
there  must  also  be  produced  at  the  same  time  either  highly 
oxidised  compounds,  or  else  oxygen  itself  must  be  liberated 
But  substances  containing  so  large  a proportion  of  oxygen,  as 
should  be  produced  during  the  change  of  starch  into  fat,  are 
not  known  to  exist  in  planta  We  are  not  acquainted  with  any 
simple  constituent  of  plants,  which,  after  being  produced  from 
other  vegetable  substances,  can  take  up  the  oxygen  left  be- 
hind after  the  fat  has  been  produced  In  this  formation  of 
fat,  we  may  thus  easily  and  unhesitatingly  recognise  one  of 
the  many  sources  of  the  oxygen  given  off  by  planta 

The  oxygen  from  the  starch  may  be  difiused  through 
many  other  parts  of  the  plant,  to  its  leaves,  where  it  can 
pass  out  through  the  cell-walls  or  air-vessels,  to  be  in  this 
way  discharged  into  the  atmosphere 

If,  then,  such  a change  does  really  happen  in  seeds,  it  may 
take  place  as  follows : — 


C 

H 

0 

To  7 equiv.  of  starch. 

...  84 

70 

70 

Add  8 eqmv.  of  water. 

... 

8 

8 

And  we  have  

...  84 

78 

78 

Which  are  equal  to— 

1 equiv.  of  margaric  acid. 

...  34 

34 

3 

1 equiv.  of  elaic  acid. 

...  44 

40 

4 

2 equiv.  of  oxide  of  lipyle, 

...  6 

4 

2 

Oxygen 

... 

69 

Making  as  before,  

...  84 

78 

78 

This  formula,  however,  should  not  be  considered  as  correct 
imtil  it  has  been  ascertained,  that  in  these  seeds  all  the  fat 
is  produced  from  the  starch,  and  that  no  other  substances  are 
formed  at  the  same  time  from  the  elements  of  starch.  From 
the  simple  composition  of  some  oily  seeds,  which  consist  of 
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cellnloae,  protein  compounds,  and  fats,  the  latter  does  not 
appear  to  be  likely. 

The  supposition,  however,  that  wherever  we  find  fats  in 
plants,  they  must  have  been  formed  from  starch,  would  be 
a hazardous  one.  In  some  seeds  which  are  unripe,  we  find, 
at  an  early  period,  globules  of  a fat  oil,  mixed  with  granules 
of  starch.  The  siuface  of  the  granules  of  the  pollen  of  flowers 
is  covered  with  fat  in  combination  with  wax ; and  in  most 
other  parts  of  plants  some  fat  may  be  found.  We  cannot 
state  with  certainty,  that  this  fat  has  always  been  produced 
from  starcL  There  is  no  doubt  that  to  be  so  converted,  the 
starch  must  exist  under  peculiar  circumstances ; for  it  is  by 
no  means  true,  that  plants,  which  contain  much  starch,  con- 
tain also  much  oil.  But  wherever  fat  has  been  formed  from 
starch,  under  any  favourable  influence, — for  instance,  that  of 
protein  compounds, — it  has  so  great  a tendency  to  diffuse 
itself,  or  to  become  divided  by  capillary  attraction, — that  it 
is  readily  carried  to  other  parts  of  the  plant,  and  must  pene- 
trate wherever  there  is  not  water  enough  to  keep  the  cell- 
walls  in  a moist  state,  or  where  albumen  is  not  present  in  suffi- 
cient quantity  to  retain  it  Hence  the  reason,  why  it  is  found 
on  the  exterior  of  the  pollen,  and  why  it  exists  in  the  peri- 
sperms  of  oily  fruits,  when  these  have  begun  to  dry.  But  if 
the  fat  be  diflused  through  an  aqueous  fluid,  or  combined  in 
it  with  albumen,  its  globules  are  then  too  large  to  be  carried 
through  the  cell-walla  In  this  case,  the  fats  remain  confined 
where  they  have  been  separated,  as  we  see  in  the  cocoa-nut 
It  is  an  incontestable  fact,  that  during  the  germination  of 
seeds  their  starch  is  converted  into  dextrin  and  sugar  by 
the  diastase  produced,  and  that  these  are  supplied  as  food  to 
the  young  plant  The  ripe,  oily  seeds  contain  no  starch.  In 
these,  the  fimction  of  starch  and  albumen  in  germination  is 
probably  performed  by  the  fat  oils  along  with  the  albumen  ; 
so  that,  during  this  process,  the  fats  undergo  a decomposi- 
tion, and  are  changed  into  food  for  the  young  plant.  It  is  not 
known,  however,  what  the  nature  of  this  decomposition  ia 
Lehmann  has  recently  shown*  that  a mixture  of  albumen 

* Fnnz  Simon,  BeitrSge  zur  Phys.  and  Path  Chemie,  Bd.  I.  S.  73. 
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and  fat  possesses  tlie  power  of  acting  chemically  on  other 
substances  ; for  instance,  of  converting  milk-sugar  into  lactic 
acid.  These  two  substances,  when  mixed,  therefore,  may  per- 
form in  plants  entire  series  of  transformations,  since  they 
have  a tendency  to  change  sugar  into  acids,  as  necessarily 
results  from  Lehmann’s  experiments.  During  this  change  the 
coagulated  albumen  is  also  brought  into  a soluble  state ; so 
that  the  fat,  which  by  the  influence  of  albumen  can  change 
sugar  into  lactic  acid,  may  be  able  to  react  on  the  albumen, 
and  to  render  it  soluble.  By  such  a reciprocal  action  of  fat, 
albumen,  and  sugar,  the  coagulated  albumen  in  certain  parts 
of  living  j)lants  may  be  removed  and  carried  to  other  parts ; 
neutral  fats,  in  that  case,  according  to  Lehmann,  not  being 
always  changed  into  the  analogous  fatty  acids,  but  into  others 
also — as  for  instance,  elai'ne  into  butyric  acid.  This  is,  in- 
deed, an  important  discovery  for  Zoochemistry.*  (Sec  Milk.) 

/.  Chlorophjle. 

It  lias  been  ascertained,  by  incontestable  proofs,  that  from 
tlie  green  parts  of  plants,  when  subjected  to  the  sun’s  rays, 
oxygen  is  given  off.  This  important  fact,  however,  still  stands 
alone  in  science.  It  has  not  hitherto  been  lirought  into  con- 
nection with  that  frequent  change  of  materials,  which  takes 
place  in  plants,  and  of  which  it  is  merely  the  final  result.  It 
is  clear,  that  this  oxygen  must  originate  in  one  or  more  sub- 
stances, existing  either  in  the  jdaces  where  the  oxygen  is 
separated,  or  in  some  other  part  of  the  plant ; and  that  its 
being  given  off  from  the  green  parts  must  be  the  consequence 
of  the  fonnation  of  .substances  poor  in  oxygen,  from  others 
rich  in  this  element ; since  it  is  by  such  a change  of  substances 
only  that  oxygen  can  be  disengaged  from  plants. 

• The  rcsearchee  of  Pelouic  and  Oclis,  of  Bernard  and  Barreswil,  and,  more 
recently,  of  von  BlUchcr,  on  the  production  of  lactic  acid  and  niannitc,  by  the 
action  of  frc(>h  curd  upon  aolutioni!  of  canc,  grape,  starch,  and  milk  sugars,  at 
a temperature  of  85°  in  the  presence  of  finely  divided  carbonate  of  lime 
(chalk), are  no  less  interesting  in  a physiological  point  of  new,  than  those  of  Leh- 
mann, referred  to  in  the  text.  The  method  described  by  von  BlUcher  (Pogg. 
Annalcn,  Ixiii.  p.  427)  for  forming  this  acid  and  its  compounds  on  the  large 
scale  from  canc  sugar,  is  so  simple  as  to  leave  scarcely  anything  to  be 
desired. — J. 
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Now  plants  do  contain  substances  poor  in  oxygen.  We 
shall  enumerate  them  when  treating  of  the  excretion  of 
oxygen  by  plants ; and  we  shall  then  show,  that  this  excre- 
tion  merely  results  from  the  formation  of  these  substances 
poor  in  oxygen.  We  have  already  alluded  cursorily  to  this 
subject  in  describing  the  fats  (p.  257). 

1“  There  is  one  substance  almost  universally  diffused 
through  plants,  which  deserves  to  be  noticed  in  this  place. 
This  is  the  so-called  chlorophyle.  The  leaves  are  coloured 
green  by  it,  and  since  the  green  parts  give  off  oxygen,  it  occu- 
pies the  very  place  where  this  excretion  is  performed. 

It  is  a striking  fact,  that  young  leaves  have  a much  lighter 
green  colour  than  those  which  are  older,  showing  that  the 
quantity  of  chlorophyle  increases  with  the  age  of  the  leavea 
If  chlorophyle  were  a substance  poor  in  oxygen,  and  were 
derived  from  substances  rich  in  oxygen,  this  fact  alone  would 
be  sufficient  to  explain  the  power,  which  the  green  parts  pos- 
sess, of  separating  oxygen.  This,  however,  is  not  the  case  ; 
chlorophyle  is  rich  in  oxygen.  Nevertheless,  the  leaves  give 
off  oxygen,  not  because  they  are  green,  but  whilst  they  are 
beaming  green. 

For  the  purpose  of  illustrating  this  statement,  1 shall  briefly 
glance  at  the  history  of  chlorophyle. 

Some  years  ago  I made  investigations  in  regard  to  this 
subject,*  and  showed  that  the  substance,  described  by  Pelle- 
tier and  Caventou,  under  the  name  of  chlorophyle ; by  De  Can- 
dolle, under  that  of  viridine;  by  Macaire  Prinsep,  under  that 
of  chromule ; as  also  by  Clamort  Marquart,  and  others, — is 
nothing  but  a mixture  of  wax  and  pure  green  colouring 
matter. 

It  is  of  importance  to  make  this  observation  at  the  outset, 
because  the  production  of  both  these  substances — of  the  wax, 
which  is  a kind  of  fat,  and  of  the  green  colouring  matter, 
which  is  mixed  with  it — is  connected  with  the  same  function 
of  plants,  namely,  the  excretion  of  oxygen.  Thus,  there  is  a 
genetic  connexion  between  the  production  of  wax  and  that 

* N»tuur.€n  Scheikundig.  Archief  D.  II.  p.  1,  en  Natuurk.  Bydragen,  Dcel 
VII.  8.  1,  p.  82. 
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of  the  green  colouring  matter  in  the  leaves.  In  this  respect, 
these  two  substances  ought  to  be  viewed  and  treated  of  to- 
gether, although  they  must  not  be  confounded  in  a chemical 
sense. 

When  green  leaves  are  digested  with  ether,  the  liquid  be- 
comes green.  If  we  then  evaporate  the  solution,  and  digest 
the  residue  with  alcohol,  a large  quantity  of  a white  fatty 
substance  is  deposited  ailer  cooling,  the  green  colouring  mat- 
ter being  held  in  solution. 

2°  It  is  proper,  before  we  proceed  to  state  how  far  we  are  ac- 
quainted with  the  pure  green  colouring  matter,  to  make  some 
general  remarks  as  to  this  mixture  of  wax  and  colouring  mat- 
ter. In  a botanical  sense,  this  mixture  has  the  name  of 
chlorophyle;  in  a chemical  sense,  it  is  the  pure  green  colour- 
ing matter  only,  which  should  bear  that  name.  To  prevent 
confusion,  I shall  represent  the  former  by  B (botanical),  the 
latter  by  C (chemical). 

We  find  similar  mixtures  of  a waxy  fat,  with  colouring 
matters,  in  other  exterior  parts  of  plants  besides  the  leaves. 
It  abounds  in  the  skin  of  fruits,  especially  of  such  as  are 
coloured  This  skin  first  assumes  the  general  colour  of  the 
plant,  namely,  green ; it  then  turns  gradually  red,  &c.,  and 
at  the  same  time  increases  continually  in  hardness,  and  often 
also  in  brightness. 

If  such  skins  of  fruits  (for  instance,  those  of  common  apples) 
are  digested  with  ether,  a large  quantity  of  a waxy  substance 
is  dissolved ; — this  wax  varying  in  colour  according  to  the 
colour  of  the  skin,  being  grey  when  obtained  from  apples, 
and  of  a beautiful  orange  colour  when  obtained  from  the 
berries  of  the  mountain  ash. 

The  wax  of  these  coloured  fruit-skins  has,  no  doubt,  the 
same  origin,  though  not  the  same  composition,  as  that  of  green 
leaves  and  unripe  fruits.  But  the  green  colouring  matter  of 
the  unripe  fruits  has  been  replaced  by  another, — that  of  the 
ripe  fruits ; the  former  being  probably  changed  into  the  latter. 

An  observation  of  Senebier*  is  here  worthy  of  peculiar 
attention.  He  found  that  red  and  yellow  parts  of  plants  give 
off  no  oxygen,  when  subjected  to  the  light  of  the  sun,  this 

* Phpiologie  VFjfFtale,  tome  6,  p.  71. 


Digitized  by  Coogle 


TEQEIABLB  AlfD  ANIMAL  PHTSIOLOOT. 


269 


being  done  by  the  green  parts  only.  We  are  apparently 
entitled  to  draw  from  this  the  conclusions — ^the  first  of  which 
we  shall  presently  see  to  be  erroneous — that  the  green 
colouring  matter  originates  in  substances  which  give  off  oxy- 
gen, being  itself  poor  in  oxygen;  that  such  parts  of  plants  as 
hare  another  colour  than  green,  cannot  be  produced  in  this 
way ; and  finally,  that  such  colouring  matters  as  axe  left  be- 
hind after  the  green  matter,  whether  of  the  fruit-skin  or  of 
the  leaves,  has  disappeared,  either  were  partly  present  before, 
mixed  with  the  green  colouring  matter,  or  have  been  pro- 
duced from  it  by  decomposition. 

The  coloured  wax,  extracted  from  the  skin  of  the  berries 
of  the  mountain  ash  by  ether  and  alcohol,  gives  off  its  colour- 
ing matter  to  sulphuric  and  hydrochloric  acids,  to  potash,  and 
to  soda;  and  becomes  almost  white  It  has  properties  similar 
to  those  of  cerine ; and  though  this  apparent  conformity  has 
not  been  confirmed  by  elementary  analysis,  yet  it  appears 
that  we  are  entitled  to  consider  it  as  a substance  belonging 
to  the  wax  family.  When  treating  of  the  fats  (p.  256),  we 
mentioned  three  different  kinds  of  wax,  viz.,  cerine,  myricine, 
and  cerosina  Others,  besides,  exist,  which  will  be  noticed  in 
the  account  of  the  principal  parts  of  plants,  such  as  roots, 
barks,  &a  The  class  of  waxy  substances  is  probably  as  large 
as  that  of  the  resinous,  and  is,  alas ! but  little  known  as  yet 
The  same  waxy  substance  is  obtained  from  mountain  ash 
berries,  and  from  the  bark  of  apple-tree  roots,  during  the  pre- 
paration of  phloridzine  Its  composition  is  represented  by — 
C40  HS2O10  = 20  (C2  HU)  -t-  QS  -»-2  H 0* 

The  properties  of  these  two  varieties  of  wax  are  nearly  iden- 
tical 

* Scheik.  Onderz.  Deel  II.  p.  157. 
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The  same  is  the  case  also  with  those,  wliich  are  obtained 
from  the  skins  of  apples,  grapes,  calabashes  (Cucurbita  lage- 
naria),  Spanish  pepper,  cucumbers,  oranges,  and  citrons. 
The  waxes  from  all  these  fruits,  like  the  fruits  theuQselvt^ 
differ  in  colour,  and  all  are  affected  by  re-agents,  just  as 
the  B chlorophyle  is.  If  obtained  by  means  of  ether,  the 
proportion  of  fat  is  considerably  larger ; if  by  means  of 
alcohol,  there  is  more  colouring  matter,  the  latter  being 
more  soluble  in  alcohol,  as  the  fatty  substance  is  in  ether 

As  to  the  origin  of  the  wax  in  the  skin  of  fruits,*  it  dates 
from  the  time  when  the  fruits  were  green.  The  wax  being 
at  that  time  formed  in  them,  is  left  behind  after  the  green 
colouring  matter  of  unripe  fruits  has  been  changed  during 
ripening.  If  we  add  to  this,  that  in  the  leaves  which  have 
changed  their  colour  in  autumn,  a fatty  .substance  is  abun- 
dantly found,  similar  to  that  which  exists  in  the  .skins  of  fruits 
and  in  the  green  leaves ; — that  leaves,  which  become  red  in 
autumn,  belong  to  plants  having  red  fruits  ; — and  that  such 
plants  as  have  yellow  leaves  in  autumn  bear  mostly  fruits 
of  a yellowish  colour, — we  cannot  doubt  any  longer,  that  the 
red  and  yellow  colouring  matter  in  the  skin  of  fruits  is  pro- 
duced from  the  pure  C chlorophyle. 

3°  Tlie  degree  in  which  the  action  of  light  contributes  to 
the  change  of  colour  in  the  C chlorophyle  which  exists  in  the 
perisperms,  and  to  the  production  from  it  of  the  colouring 
matter  of  the  skin  of  ripe  fruits,  is  clearly  to  be  inferred 
from  the  general  green  colour  of  such  fruits  as  are  not  suf- 
ficiently exposed  to  the  light  of  the  sun,  while  another  co- 
louring matter  exists  on  the  sunny  side  ; and  from  the  other 
fact,  that  leaves,  when  deprived  of  the  action  of  light,  l»e- 
corae  colourless,  while  if  completely  exposed  to  its  action, 
they  secrete  an  abundant  portion  of  B chlorophyle  This 
important  difference  in  the  action  of  light  upon  the  skins 

* Wc  call  it  mu-  because  it  baa  similar  properties  with  wax.  The  eompooi- 
tion  la  diflbrent  from  that  of  common  wax.  That  which  exists  in  the  skins  of 
fruits,  seems  to  be  a substance  in  a state  of  transition  to  ccrinc  and  mTririne. 
At  psjrc  256  wc  hare  mentioned  some  kinds  of  wax,  but  it  seems  that  there 
arc  others  still.  Solly,  for  instance,  (Ix>ndon  and  Edin.  Phil.  Mag.  ]R3T,  II.  p. 
4521  founil  in  the  sap  of  the  fmlactodcndron,  a pecnliar  waxy  Kubatance,  which 
he  calls  gainctinr. 


Digitized  by  Gothic 


VEOKTABLE  AND  ANIMAL  PHYSIOLOGY. 


271 


of  fruits  and  leaves,  is  attributable  to  the  same  cause  as  the 
change  of  colour  in  the  leaves  during  autumn, — namely,  that 
light  can  only  produce  B chlorophyle  when  there  is  sufficient 
material  at  hand,  whence  it  can  be  produced  anew  from  new 
substances,  as  often  as  the  existing  quantity  is  decomposed  by 
the  same  influence  of  light ; and  that,  as  soon  as  this  stock 
is  consumed,  the  green  colouring  matter  is  itself  decomposed, 
and  other  compounds,  not  coloured  green,  are  formed  from  it. 

Light  exerts  a powerful  action  in  keeping  the  parts  of  plants 
green,  and  also  a poweri’ul  decomposing  action  upon  all  colour- 
ing matters,  the  C chlorophyle  included.  Asparagus,  potatoes, 
young  growing  leaves,  &c.,  become  green  whenever  they  are 
exposed  to  light.  Thus,  there  must  be  a substance  generally 
diflfused  tlirough  plants  that  causes  the  production  of  chloro- 
phyle,— a substance  present,  even  where  no  green  colour  is 
perceived,  and  in  parts  not  exposed  to  light, — since,  what- 
ever part  of  a plant  we  expose  to  the  light,  it  will  become 
green,  provided  it  be  a part  which  ought  naturally  to  be  de- 
prived of  light  This  happens  not  only  on  the  suri’ace,  but 
also  beneath  it,  as  far  as  light  can  jienetrate  through  the 
semi-transparent  parts.  Hence  the  reason  why,  in  almost 
every  part  of  herbaceous  plants,  B chlorophyle  is  found, 
though  chiefly  in  their  leaves,  which  are  usually  broad  expan- 
sions, admitting  of  the  action  of  light  upon  their  extended 
surfaces. 

Many  plants  have  leaves  either  speckled  or  spotted,  or 
of  a colour  entirely  difierent  from  green ; others  are  not 
coloured  at  all.  From  ^his,  we  are  induced  to  conclude, 
that  in  such  plants  or  parts  of  plants  as  are  not  green,  the 
materials  are  wanting  from  which  the  chlorophyle  is  pro- 
duced We  may  occasionally  remark,  in  summer,  one  single 
spot  of  an  entirely  green  leaf  coloured  red  by  the  pricking  of 
insects  ; the  same  effect  is  caused  by  hail-storms,  and  is  thus 
a consequence  of  the  leafs  being  locally  wounded  The  green 
colouring  matter,  present  at  the  place,  is  decomposed  by  the 
■ light ; no  new  portion  is  formed,  and  generally  this  part  of 
the  leaf  acquires  the  same  colour,  which  would  have  been 
assumed  by  the  whole  leaf  in  autumn.  From  this,  therefore. 
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we  learn  that  the  change  of  colour  in  the  leaves  during  autumn 
is  a chemical  alteration  of  the  green  colouring  matter  by  light 
without  the  intervention  of  any  function  of  the  plant 
.The  colour  of  leaves  which  are  not  green,  is  either  such  as 
universally  exists  in  the  saps,  or  is  caused  by  some  peculiar 
substance  being  locally  produced,  of  which  no  other  part  of 
the  plant  possesses  even  a trace.  Thus  in  many  plants  vre 
find  the  under  surface  of  the  leaves  of  some  other  colour 
than  green,  or  covered  with  spots.  These  colours  deserve  our 
attention  in  passing.  The  yellow  colour  is  frequently  met 
with  in  variegated,  striped,  and  spotted  leaves.  In  this  re- 
spect, the  Ilex  aquifolium  is  remarkable : — at  one  time,  it  has 
green  leaves  with  yellow  borders ; at  another,  yellow  leaves 
with  green  borders.  The  Aucuba  japonica  has  alternately 
green  and  yellow  spota  The  Celtis  australis  has  green  leaves 
with  yellow  stripes  on  the  nerves  of  the  leaf.  The  same  is 
the  case  with  the  Carduus  marianua  Such  spots,  if  they 
have  been  formerly  green,  are  in  the  condition  of  the  yellow 
leaves  in  autumn  ; or,  if  they  have  never  been  green,  there 
must  have  been  from  the  commencement  of  their  growth  a 
want  of  the  material,  through  which  they  could  have  become 
green.  The  latter  is  clearly  seen  in  the  Arum  pictum.  For 
this  reason,  many  of  these  leaves  which  either  have  yellow 
stripes,  or  are  otherwise  coloured  yellow,  become  entirely 
green  by  better  cultivation. 

An  interchange,  similar  to  that  which  we  perceive  between 
yellow  and  green,  is  found  also  between  red  and  green.  In 
this  case,  however,  two  different  colouring  matters  must  of 
necessity  exist.  The  Rubus  rosmfolius  has  green  leaves,  with 
fine  red  borders ; the  leaves  of  the  Moranta  zebrina  are  pur- 
l)le  below,  and  green,  with  yellow  stripes,  above  In  this 
respect,  the  Maranta  bicolor  is  especially  remarkable 

These  diversities,  the  cause  of  which  is  always  connected 
with  that  of  the  change  of  colour  in  autumn,  ought  to  be 
thus  explained.  The  green  colouring  matter,  which  origi- 
nally exists  everywhere,  is  decomposed  by  light  in  the 
changed  sjwts,  and  gives  rise  to  a red  colour,  the  green  not 
l>eing  restored.  This  is  also  the  case  in  Fagus  sylvatica  pur- 
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purea,  in  which,  together  with  the  chlorophyle,  a red  colour- 
mg  matter  exists,  produced  by  light,  the  green  diminishing 
in  quantity  the  longer  the  leaves  are  subjected  to  the  action 
of  light.  The  white  lily,  when  young,  is  of  green  colour. 

The  sea-green  colour,  color  plaucut,  arises  from  a thin  layer 
of  wax,  spread  externally  over  the  green  leaves.  The  leaves 
of  Ecbium  fastuosum  and  Sedum  dasyphyllum,  when  kept 
for  some  moments  in  ether  or  alcohol,  become  green,  and  lose 
the  thin  layer  of  wax  with  which  their  surface  was  covered. 
For  the  same  reason,  grasses,  when  covered  with  dew,  become 
sea-green.  The  small  drops  of  water  of  which  dew  consists, 
and  which  are  not  distinguished  by  the  eye,  make  the  chloro- 
phyle appear  with  the  color  glaiwut.  In  some  plants  this 
quantity  of  wax  on  the  leaves  is  considerable — such  is  the 
case  with  the  Ceroxylon.  Grapes,  plums,  and  other  fruits, 
especially  that  of  the  Myrica  cerifera,  contain  a large  portion 
of  this  excreted  wax  ;*  and  I found  it  in  the  largest  quantity 
upon  the  exterior  surface  of  the  bractese  of  Musa  paradisiaca. 
The  surface  of  the  leaves  of  many  species  of  Encephalartos 
is  covered  with  a thick  layer  of  wax.  (MiqueL) 

4°  After  having  thus  emunerated  some  facts,  from  which  we 
chiefly  learn,  that  wax,  along  with  a green  colouring  matter, 
exists  in  leaves  and  unripe  fruits, — wax  with  a red  colour- 
ing matter  in  the  red  leaves  which  appear  in  autumn  and  in 
the  red  fruits, — and  wax  with  a yellow  colouring  matter  in  the 
yellow  leaves  in  autumn,  and  in  the  yellow  fruits, — we  shall 
mention  some  experiments  of  Berzelius, made  for  the  pur- 
pose of  ascertaining  the  properties  of  the  pure  green  colour- 
ing matter  of  the  leavea 

Berzelius  made  his  experiments  with  leaves  of  Sorbus 
aria  I have  repeated  them  with  leaves  of  vines,  syringa 
and  poplars,  and  with  grass ; and  I obtained  exactly  the 
same  results. 

If  fresh  leaves  are  digested  with  ether,  the  colour  of  the 
liquid  is  darker  than  that  obtained  from  dried  leaves, — the  lat- 
ter being  more  or  less  yellowish,  though,  in  other  respects, 

* To  thi*  coating  of  wax  is  owing  what  is  technically  called  <A«  Uoom,  so 
mnefa  admired  upon  our  grapes  and  other  fruits J. 

t Annalen  der  Phannacie,  Bd.  27,  S.  298. 


Digitized  by  Google 


274 


THE  CHEMISTRY  OF 


similar  to  that  from  fresh  leaves,  but  yielding  a smaller  qua- 
lity of  pure  chlorophyle. 

When  the  solution  in  ether  is  evaporated  to  a very  small 
bulk,  a substance  is  deposited,  which  must  be  digested  with  alco- 
hol till  the  latter  becomes  yellowish.  The  residuum  is  added 
to  the  ether,  which  had  been  left  behind  ; the  alcoholic  solu- 
tion is  evaporated.  If  what  remains  from  this  solution  is  again 
treated  with  warm  alcohol  and  the  solution  allowed  to  cool, 
a large  quantity  of  wax  is  separated  on  filtration.  We  shall 
give  its  composition  below.  If  the  green  alcoholic  solution  is 
evaporated  to  dryness,  a substance  is  left  behind,  which  is  al- 
most entirely  soluble  in  hydrochloric  acid,  from  which  it  is 
precipitated  again  by  water;  the  water  with  which  it  is 
washed  acquires  a yellow  colour.  After  the  chlorophyle 
is  thus  purified,  it  is  with  difficulty  soluble  in  alcohol  and 
ether ; it  imparts  to  these  liquids  a blackish  green  colour, 
and  renders  them  opaque.  If  a strong  solution  of  potash  is 
poured  upon  it,  the  solution  assumes  a fine  grass-green  colour, 
and  a black  substance  is  left  behind  undissolved.  If  the 
potash  solution  be  super-saturated  with  acetic  acid,  the  chlo- 
rophyle is  again  precipitated  It  is  now  pure  green,  does 
not  melt  at  392°  Fahr.,  and  is  almost  entirely  soluble  in 
hydrochloric  acid  and  potash,  giving  a fine  grass-green  colour- 
ed solution. 

Pure  C chlorophyle,  extracted  by  strong  hydrochloric  acid 
from  what  was  contained  in  the  alcoholic  solution,  and  was 
left  behind  after  evaporation,  may  be  separated  from  the  acid 
solution  by  means  of  marble.  It  is  insoluble  in  water,  but 
soluble  in  alcohol  and  ether — the  solutions  having  a green 
colour,  which  is,  more  or  less,  blueish,  if  the  substance  was 
previously  dried.  It  seems  to  be  somewhat  changed  by 
drying.  It  is  soluble  in  strong  sulphuric  acid,  giving  a 
fine  green  solution,  from  which  it  is  again  precipitated  by 
water.  Hydrochloric  acid  has  the  same  reaction  upon  it,  but 
in  this  case  a pale  yellow  substance  is,  more  distinctly  than  in 
the  former,  left  behind.  Berzelius  calls  this  substance,  xantho- 
phyle,  and  it  is  the  cause  of  the  yellow  colour  which  the  leaves 
assume  in  autumn.  This  yellow  substance  of  the  autumnal 
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leaves  does  not  exist  in  the  C chlorophyle  of  the  sum- 
mer leaves ; but  it  becomes  perceptible  when  the  green 
colour  is  decomposed  into  two  products,  the  one  blue,  the 
other  yellow.  If  chlorine  is  passed  through  a solution  of 
pure  chlorophyle  in  hydrochloric  acid,  the  liquid  becomes 
colourless  and  leaves  a white  flocculent  matter  behind,  part 
of  which  is  soluble  in  ether.  Both  jwrtions,  that  which 
is  soluble,  and  that  which  is  insoluble  (in  ether),  are  of 
a fatty  nature.  Thus  it  seems,  that  chloropliyle,  free  from 
wax— that  is,  the  pure  colouring  matter — is  changed  by  chlo- 
rine into  wax,  and  another  fatty  substance.  This  change  may 
be  effected  either  by  oxidation,  or  by  separation  of  hydrogen. 
.Mali  events  we  learn  from  this  action  of  chlorine,  that  the 
wax  in  leaves  may  be  partly  produced  from  pure  C chloro- 
phjle.  The  latter  is  soluble  in  acetic  acid.  By  nitric  acid 
it  is  rendered  yellow,  without  any  separation  of  gaseous  pro- 
ducts. It  is  soluble  in  potash  and  ammonia ; — the  solutions 
having  a beautiful  green  colour.  Carbonate  of  potash,  and 
carbonate  of  ammonia,  and  lime  and  baryta  waters,  have  the 
same  power.  The  alcoholic  solution  of  chlorophyle  is  pre- 
cipitated by  acetate  of  lead. 

C chlorophyle  from  dried  leaves,  is  different  from  the  former 
in  many  respects.  It  is  similar  to  that  part  of  the  colouring 
matter  from  fresh  leaves  which  is  held  in  solution  by  ether, 
and  which  is  the  least  soluble  in  alcohol.  If  we  bear  in 
tnind,  that  when  green  chlorophyle  is  prepared  in  the  air,  part 
of  it  becomes  yellow,  and  that,  according  to  the  experiments 
of  Berzelius,  leaves,  dried  in  the  air,  contain  less  green  and 
more  yellow  colouring  matter,  we  should  think  it  a sound 
conclusion,  that  the  green  colouring  matter  becomes  yellow 
by  absorption  of  oxygen.  But  just  the  opposite  is  the  case  ; 
chlorophyle  becomes  yellow  by  the  action  of  de-oxidizing  sub- 
stances. Thus  it  appears  as  if,  both  when  the  leaves  are 
dried,  and  when  the  pure  chlorophyle  is  prepared  in  the  air, 
part  of  the  latter  were  wholly  decomposed  and  new  products 
formed  As,  however,  the  yellow  substance,  separated  by  chlo- 
rine from  a solution  of  pure  chlorophyle  in  hydrochloric  acid, 
has  the  properties  of  fat, — part  of  the  wax,  which  we  find 
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mixed  with  pure  chlorophyle,  must  be  a product  resulting 
from  the  decomposition  of  pure  chlorophyle,  and  aitnilur  to 
that  product  which  is  formed  by  the  de-oxidation  of  part 
of  the  constituents  of  chlorophyle.  If  with  this  we  connect 
the  change  of  the  colour  of  the  leaves  into  yellow  during 
autumn,  and  the  considerable  portion  of  wax  they  then  con- 
tain, it  is  clear  that  this  is  owing  to  a chemical  change  of 
the  chlorophyle.  It  is  of  importance,  therefore,  to  investi- 
gate this  yellow  matter,  which  is  also  accurately  described 
by  Berzelius. 

That  part  of  the  C chlorophyle,  which  was  held  in  solu- 
tion by  ether,  and  left  behind  by  alcohol  as  a yellow  sub- 
stance,— and  of  which  dried  leaves  contained  a very  large 
amount,  — was  dissolved  in  ether,  and  hydrochloric  acid 
added  to  the  solution.  Two  layers  were  formed;  the  ethereal 
was  yellow,  the  acid  green.  In  the  latter,  much  blackish 
green  fat  floated,  which  was  separated,  and  washed  with 
hydrochloric  acid.  After  being  saturated  by  suspending  in  it 
a piece  of  marble,  the  acid  solution  deposited  chlorophyle, 
which  was  again  washed  and  boiled  with  hydrochloric  acid  ; 
the  greater  part  was  now  dissolved,  but  a black  residue  was 
left  behind.  Marble  was  again  added  to  the  acid,  when  the 
chlorophyle  was  separated,  having  a yellowish-green  colour, 
and  the  grass-green  liquid  became  blue.  This  peculiarity  we 
noticed  above,  and  it  is  a very  remarkable  one,  since,  as 
every  one  knows,  by  mixing  blue  and  yellow,  green  is  pro- 
duced ; since,  in  many  limits,  originally  green,  a blue  coloured 
matter  is  to  be  seen  ; and  since  the  yellow  colouring  matter, 
found  here  to  such  an  extent  in  the  leaves,  after  being  dried 
in  the  air,  can  scarcely  be  produced  in  any  other  way  than 
by  the  drying, — that  is,  by  a chemical  change  of  the  chloro- 
phyle while  drying.  Thus  we  find,  among  the  products  of 
decomposition  of  pure  C chlorophyle,  a blue  and  a yellow 
substance. 

This  mixture  of  yellow  and  blue  colouring  matters,  in  the 
dried  leaves,  has  almost  the  same  properties  as  chlorophyle 
from  fresh  leaves,  with  this  exception  only,  that  when  preci- 
pitated from  the  solution  in  hydrochloric  acid,  its  appearance 
is  different  from  that  which  is  yielded  by  fresh  leavea 
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The  black  substance  we  have  just  spoken  of,  quickly  attracts 
moisture  from  the  air.  It  is  dissolved  by  sulphuric  acid  ; the 
colour  of  the  solution  is  a mixture  of  brown,  yellow,  and 
green.  The  colour  of  its  solution  in  the  other  fluids,  in  which 
pure  chlorophyle  is  soluble,  is  nearly  the  same.  It  is  a third 
product  of  decomposition  from  pure  chlorophyle. 

Prom  these  experiments  of  Berzelius,  of  which  I have  ex- 
pressly given  a fuller  account,  because  of  the  nature  of  the 
diyersity  of  colour  in  the  leaves — ^this  diversity  being  easily 
traceable  to  a few  colouringv.matters  only,  and  produced  by 
different  influences — we  may  conclude,  first,  that  the  green 
colouring  matter  of  the  leaves  is  readily  decomposed  into 
three  different  substances,  one  yellow,  another  blue,  and  a 
third  black  ; that  according  to  the  proportion  of  these  three, 
mixed  with  the  green  one,  a different  kind  of  green  must  be 
produced ; therefore  the  leaves  must  be  of  a different  green 
colour,  not  only  because  of  a different  proportion  of  chloro- 
phyle, but  also  of  a different  mutual  proportion  of  these  three 
colouring  matters.  It  is  well  known  to  painters,  that  every 
variety  of  green  may  be  prepared  from  blue,  yellow,  and 
black, — so  that  even  when  the  C chlorophyle  is  decomposed 
into  these  three  substances,  it  may  yet  impart  a green  colour 
to  the  leavea 

The  quantity  of  pure  C chlorophyle,  contained  in  the  leaves, 
is  exceedingly  small  Berzelius  says,  it  is  not  more  than 
dyed  cotton  contains  of  colouring  matter. 

If  a tincture  of  pure  chlorophyle  is  exposed  to  sunlight,  the 
green  colour  becomes  yellow  within  a few  hours.  When  a so- 
lution of  pure  chlorophyle  in  ether  and  hydrochloric  acid  was 
kept  for  five  months  in  a bottle,  half  filled  up,  the  green  was 
entirely  changed  into  yellow.  (Berzelius.)  These  experiments 
are  of  importance.  We  learn  by  them,  first,  that  the  green  co- 
louring matter  is  decomposed,  a yellow  one  being  left,  and  the 
blue  and  the  black  destroyed,  both  with  and  without  the  influ- 
ence of  light.  Secondly,  that  probably  a similar  decomposition 
and  reproduction  of  the  green  colouring  matter  in  green  leaves 
is  constantly  going  on  under  the  influence  of  light.  This  con- 
tinual decomposition  of  the  green  colouring  matter  may  partly 
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be  the  origin  of  the  cerine,  for  the  quantity  of  the  latter  is 
found  to  have  increased,  when  tlie  same  leaves  are  analysed 
later  in  summer.  In  consequence  of  this  reproduction  being 
maintained,  the  leaves  remain  green  ; when  it  is  stopped,  the 
leaves  become  yellow,  as  in  autumn.  In  fine,  from'what  we 
know  as  to  the  necessity  of  light  for  the  production  of  the 
green  colour  in  leaves,  we  learn  that  light  is  required  to  pro- 
duce the  green  colouring  matter ; whUe  again,  from  what  we 
know  as  to  the  power  of  light  to  render  the  green  colour  of 
a tincture  of  pure  chlorophyle  yellow,  we  learn  that  the  green 
colouring  matter,  already  produced,  is  decomposed  by  the 
same  influence  of  light  This  aj)pears  to  prove  sufficiently, 
that  in  the  leaves,  which  remain  green,  the  green  colouring 
matter  is  continually  produced  and  decomposed. 

It  is  an  important  fact  also,  that  from  decomi)osed  chloro- 
phyle a blue  colouring  matter  is  produced.  I saw  the  latter 
most  distinctly  appearing,  on  washing  pure  chlorophyle  preci- 
pitated from  hydrochloric  acid  by  marble,  with  diluted  hydro- 
chloric acid.  The  weak  acid  solution  contained  no  green 
colouring  matter  at  all,  but  was  of  a very  beautiful  indigo 
blue,  the  pure  green  colouring  matter  being  left  on  the  filter. 

It  is  this  blue  colouring  matter,  which  no  doubt  is  present 
in  the  skins  of  many  fruits, — in  those,  for  instance,  of  the 
grape.  But  it  is  not  known  either  how  it  is  produced  from 
chlorophyle,  or  what,  in  these  circumstances,  becomes  of  the 
yellow  one.  The  green  colour  of  chlorophyle  disappears  under 
the  influence  either  of  powerfully  oxidizing  or  de-oxidlzing 
substances.  Thus  chlorophyle  is  in  fact  at  once  a very  con- 
stant and  a very  changeable  substance,  by  Avhich  various 
offices  are  perfonned  within  the  plant. 

Considering  how  the  green  colouring  matter  is  produced, 
namely,  by  the  influence  of  light,  and  bearing  in  mind  that 
while  the  plants  are  under  that  influence,  oxygen  is  at  the 
same  time  given  ofl”,  we  are  induced  to  assume  a relation  of 
causation  between  the  two.  Young  plants  kept  in  the  dark 
do  not  become  green  ; young  parts  of  plants  when  exposed  to 
light,  become  green  in  proportion  as  they  are  subjected  to  its 
action. 
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It  would,  however,  be  wrong  to  suppose  that  not  only  the 
formation  of  substances,  poor  in  oxygen,  such  as  wax,  which 
are  mixed  with  C chlorophyle,  but  also  the  formation  of  the 
green  colouring  matter  itself,  must  be  attended  by  a separa- 
tion of  oxygen,  when  the  general  vegetable  substances,  such 
as  starch,  are  used  for  that  purpose.  (See  page  263.)  On 
the  contrary,  experiments  by  Berzelius  show  that  the  colour- 
ing matter,  as  it  becomes  green,  absorbs  oxygen,  and  that  it 
either  loses  oxygen  or  takes  up  hydrogen  when  it  becomes 
colourless. 

As  regards  this  property  of  being  oxidized  and  de-oxidized, 
chlorophyle  may  be  compared  with  indigo.  With  a view  to 
such  a comparison,  Berzelius  exposed  a solution  of  pure  green 
chlorophyle  in  hydrochloric  acid  to  the  action  of  hydrogen  in 
the  nascent  state.  He  laid 'a  piece  of  zinc  in  the  solution 
and  excluded  the  air  from  the  vessel  containing  it.  On 
the  disengagement  of  the  hydrogen,  the  green  colour  became 
completely  yellow.  When  the  yellow  liquid  was  evaporated 
in  an  open  vessel,  it  gradually  became  green  again,  though  in 
a less  degree  than  before.  When  heated,  the  green  colour 
was  not  restored,  but  the  yellow  substance  became  red ; it 
contained  a mixture  of  a yellow  and  a red  matter.  This 
production  of  a red  substance  from  chlorophyle  is  of  impor- 
tance, because  in  autumn  many  leaves  become  red  instead  of 
yellow.  We  do  not  know  yet,  however,  any  relation  between 
this  red  matter  left  behind  from  the  solution  in  hydrochloric 
acid,  and  the  red  colouring  matter  of  the  autumnal  leaves. 
The  latter  is  probably  formed  from  the  green  by  the  absorp- 
tion of  oxygen  under  the  influence  of  an  alkali,  while  at 
the  same  time  a smaller  quantity  of  wax  is  produced,  but  this 
IS  not  yet  by  any  means  proved.* 

Berzelius  has  also  made  some  experiments  upon  this  red 
colouring  matter  of  the  autumnal  leaves. -f  He  remarks  that, 
while  a great  many  leaves  become  yellow  in  autumn,  such,  on 
the  contrary,  as  belong  to  plants  with  red  fruits,  become  red. 

* tVhen  repeating  all  these  experiments  of  Berxelins,  I obtained  precisely  the 
Nuae  results. 

t Annsleu  der  Phannacio,  Bd.  21,  S.  262. 
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He  therefore  thinks,  that  an  intimate  relation  exists  between 
the  red  colour  in  fruits  and  the  red  colour  in  such  leares 
He  found  that  the  colouring  matter  which  he  prepared  from 
cherries  and  currants,  was  similar  to  that  which  he  obtained 
from  red  autumnal  leaves  of  cherry-trees  and  currant-shruba 
He  also  found  that  both  fruits  contain  the  same  colouring  mat- 
ter. It  is  soluble  in  any  quantity  of  water  or  alcohol,  but  is  in- 
soluble in  ether.  Its  solution  in  water  cannot  be  evaporated 

by  heat,  without  becoming  brown  and  less  soluble  The  solu- 
tion has  a beautiful  red  colour ; but  when  mixed  with  milk 
of  lime,  a greyish  green  precipitate  is  produced  From  this 
Berzelius  draws  the  conclusion,  that  it  is  not  a combination 
of  a blue  colouring  matter  with  an  acid,  as  had  been  suppos- 
ed. But  when  the  colouring  substance  in  its  impure  state 
(as  it  is  obtained,  when  the  fruit  skins  are  treated  with  water, 
that  is,  mixed  with  malic  and  citric  acid)  is  mixed  with 
acetate  of  lead,  a bright  blue  precipitate  is  produced  Now, 
since  ammonia  renders  the  red  colour  brown,  it  would  ap- 
pear that  the  experiment  with  lime  indicates  rather  a decom- 
position by  means  of  the  alkali  The  red  colouring  matter 
from  ash-tree  berries  gave  a green  precipitate  with  acetate  of 
lead,  which  therefore  again  points  at  a mixture  of  yellow  and 
blue. 

In  the  red  autumnal  leaves  of  cherries  and  currants,  Ber- 
zelius found  wax  and  fat,  besides  the  same  red  colouring 
matter.  These  were  precipitated  by  adding  water  to  the  al- 
coholic tincture,  in  which  they  were  dissolved,  the  red  colour- 
ing matter  remaining  in  solution.  When  this  solution  in 
water  was  mixed  with  acetate  of  lead,  a green  precipitate  was 
formed,  which  after  a few  moments  became  greyish  brown. 
The  colouring  matter  obtained  by  precipitating  the  lead  with 
sulphuretted  hydrogen,  and  evaporating  the  liquid  in  vacuo, 
had  very  nearly  the  same  properties  as  at  first 

From  the  fresh  yellow  autumnal  leaves  of  pear  trees,  Ber- 
zelius obtained  by  alcohol  a yellow  substance  mixed  with 
fat ; of  which  a part  only  could  be  changed  into  soap  by  an 
alkali  (wax).  The  yellow  colouring  matter  itself,  Berzelius 
could  not  wholly  separate  from  this  fat  It  was  insoluble  in 
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water,  soluble  in  alcohol  and  ether.  It  was  entirely  bleached 
in  the  air.  From  its  alkaline  solutions  it  could  be  precipi- 
uted  by  acids.  Berzelius  thinks  it  is  an  intermediate  sub- 
Rance  between  oil  and  resin ; he  calls  it  xanthophyle. 

5°  It  is  sufficiently  clear  from  what  has  been  said,  that  C 
ehlorophyle  is  a peculiar  substance,  wholly  different  either 
from  wax  or  fats ; that  it  can  be  decomposed  into  a yellow, 
a black,  and  a blue  colouring  matter,  and  that,  mixed  with 
these,  it  really  must  exist  in  many  leaves ; that  this  mix- 
ture must  cause  a diversity  in  the  green  colour  of  the 
leaves ; that  the  colouring  matter  may  bo  decomposed,  both 
by  oxidizing  and  de-oxidizing  substances,  so  as  to  become  co- 
ioorlees  at  last ; and  that  wax  seems  to  be  producible  from  it,  by 
de-oxidizing  actions,  though  the  greater  part  of  the  wax  in 
the  leaves  is  derived  from  another  sourca 

With  regard  to  pure  C ehlorophyle,  we  have  been  able  to 
salqect  only  one  single  species — ^that  from  poplar  leaves 
ipopnlm  tremula) — to  analysis,  and  that  in  very  small  quan- 
tities only  ; to  that  tee  are  far  from  being  certain  at  to  its  com- 
petition. This  analysis  has  given, 

CIS H»  N 08* 

Should  this  composition  be  hereafter  confirmed — for  which 
many  analyses  of  ehlorophyle  from  different  leaves  would  be 
requisite — then  ehlorophyle  is  analogous  to  the  indigo-like 
subetancea  Chlorophyle,  rendered  colourless  by  hydrogen, 
will  then  probably  be  a hydruret  of  the  green  colouring  mat- 
ter, as  the  white  indigo  is  a hydruret  of  the  blue  indigo.  The 
following  formulae  exhibit  this  relation  of  the  two  indigos : — 

Ci«  H5  N 02,  blue  indigo. 

CIS  H8  N 02,  white  indigo. 

* Scheikand . Onderz,,  Deel  II. 
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This  composition  suggests  the  reason,  why  green  chlorophyle 
becomes  white  by  the  de-oxidizing  influences  which  act  upon 
it  in  the  interior  of  plants,  and  by  which  hydrogen  is  liberated. 

As  green  C chlorophyle  contains  much  oxygen,  it  does  not 
give  ofi"  oxygen  during  its  production.  On  the  contrary,  it 
requires  oxygen  to  become  green  instead  of  colourless,  as 
it  is  originally — for  it  is  probably  present  as  white  chloro- 
phyle throughout  the  whole  plant,  and  is  rendered  green 
by  exposure  to  oxygen.  On  the  contrary,  in  chlorosis — when 
green  leaves  through  sickness  become  white — the  green  chlo- 
rophyle loses  oxygen,  or  takes  up  hydrogen,  and  does  not  dis- 
appear, the  action  being  analogous  to  that  which  occurs,  when 
blue  indigo  is  rendered  white  by  sulphate  of  protoxide  of  iron. 

We  can,  of  course,  state  nothing  as  to  the  constitution 
of  chlorophyle,  so  long  as  its  composition  is  uncertain.  The 
same  is  also  the  case  with  regard  to  its  change  into  the  yel- 
low, blue,  and  black  substances  mentioned  above. 

6°  The  decoloration  of  the  leaves  in  autumn  is  an  exceed- 
ingly remarkable  phenomenon.  When  the  vital  action  of  the 
plant  diminishes,  most  leaves  become  yellow,  some  red,  others 
brown.  The  latter  decoloration  is  especially  perceived  in 
leaves,  which  are  not  verj’  green,  and  which  abound  in 
juices.  It  is  a formation  of  humus,  a decomposition  of  the 
cellular  substance  into  ulmic  acid,  by  means  of  which  all  the 
other  metamorphoses  of  the  colouring  matters  in  the  leaves 
are  rendered  invisible. 

We  must,  therefore,  confine  our  attention  to  the  yellow 
and  red  decoloration  of  the  leaves  in  autumn.  Robinet  and 
Ouibourt*  had  already  remarked,  that  such  plants  as  have 
cither  red  or  blue  fruits,  have  red  leaves  in  autumn.  The 
leaves  of  vines  which  produce  blue  grapes,  have  red  leaves 
in  autumn,  while  such  as  produce  white  grapes  have  generally 
yellow  leaves.  This  is  an  important  observation,  and  may 
be  confirmed  by  many  illustrations.  It  leads  directly  to  the 
conclusion,  that  the  yellow  decoloration  of  leaves  must  be 
owing  to  a different  cause  from  the  red. 

• Journal  de  Chimie  Mtfd.,  1827,  Arril,  p.  161. 
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The  place  from  which  in  autumn  decoloration  proceeds, 
is  different  in  different  leaves.  Some  begin  to  change  colour 
at  their  extremities,  others  at  their  edges,  others  again  in 
the  neighbourhood  of  the  nerves,  while  on  others  coloured 
spots  appear.  Thus,  for  example,  the  leaves  of  Plantago 
lanceolata  change  first  at  the  extremity  ; those  of  Lythrum 
salicaria,  at  the  edges ; those  of  Fuchsia  multiflora,  at  the 
nerves ; while  those  of  Ribes  nigrum  become  spotted.  These 
observations  indicate  an  entirely  passive  decoloration  of  the 
green  substance  This  decoloration  begins  at  the  very  mo- 
ment when  green  colouring  matter  is  no  longer  secreted  or 
prepared;  that  is,  when  the  change  of  materials  within 
the  leaf  begins  to  cease. 

It  is  well  known,  that  the  period  of  the  year  at  which  this 
decoloration  commences,  is  very  variable.  When  the  tem- 
pemture  is  considerably  diminished,  or  when  a long  drought 
weakens  the  plant,  the  leaves  are  sooner  decolored.  We  may 
see  a difference  even  in  leaves  of  the  same  plant  The  Cra- 
tsgus  indica  exhibits  some  red  leaves,  when  by  far  the  greater 
part  are  still  green.  The  Olea  Europaea  has  some  yellow 
leaves.  All  this  indicates  a difference  in  the  decoloration 
of  leaves,  dependent  upon  the  function  of  each  particle,  or, 
perhaps,  upon  that  of  the  whole  leaf 

W^e  are  not  able  to  change  the  yellow  colouring  matter  of 
autumnal  leaves  into  green  by  de-oxidizing  substancea  It 
consists  of  wax  mixed  with  a yellow  matter.  It  is  left 
behind,  after  pure  C chlorophyle  has  been  decomposed  by 
light,  the  blue  and  black  (see  page  275)  being  changed  into 
colourless  substancea  It  is  otherwise  with  the  red  co- 
louring matter  in  red  autumnal  leaves,  which  is  also  mixed 
with  wax.  The  alcoholic  infusions  of  Azalia  pontica,  A. 
rosea,  Vitis  hederacea,  all  of  which  have  red  leaves  in  au- 
tumn, become  green,  when  exposed  to  the  action  of  de-oxidiz- 
ing substances,  such  as  sulphate  of  protoxide  of  iron.  The 
red  colouring  matter,  prepared  in  the  leaves  themselves  dur- 
ing summer,  undergoes  the  same  change.  The  purple  colour 
of  the  summer  leaves  of  Fagus  sylvatica  purpurea  is  changed 
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into  a fine  green,  when  acted  upon  by  sulphate  of  protoxide 
of  iron.*  Diluted  acids  and  alkalies  do  not  act  upon  this 
colour  so  as  to  modify  it  It  is  attacked  and  decomposed  by 
them  only  when  very  concentrated. 

Many  experiments  have  shown  me,  most  clearly,  this 
accordance  between  the  red  colour  of  the  skins  of  fruits, 
and  that  of  the  autumnal  leavea  Both  are  peculiar  sub- 
stances, independent  either  of  adds  or  alkalies  The  obser- 
vation made  by  Macaire  Prinsep,  that  the  red  colour  in 
autumnal  leaves  is  occasioned  by  an  acid  produced  in  the 
leaves,  is  entirely  erroneous  ; and  so  is  his  opinion,  that  the 
red  is  preceded  by  the  yellow  decoloration.  Neither  is  there 
any  relation  whatever  between  the  colour  of  flowers,  and  that 
of  the  autumnal  leaves  and  fruits,  as  Robinet  and  Guibourt 
supposed,  nor  between  the  red  and  other  colouring  matters 
which  are  generally  difiused  through  planta  As  yet,  how- 
ever, we  have  no  certain  knowledge  of  the  red  decoloration 
of  the  leaves  in  autumn,  because  the  chemical  compodtion  of 
the  substances  which  are  then  present  in  the  red  leaves;,  is 
still  unascertained.  It  is  certain,  however,  that  the  C chlo- 
rophyle  is  then  wholly  decomposed  and  converted  into  new 
products.  It  is  probable  that  the  yellow  decoloration  arises 
from  the  de-oxidation  of  the  C chlorophyle. 

II.  MohI,*f  however,  thinks  that  there  is  no  relation  be- 
tween the  chlorophyle  and  the  red  decoloration  of  leaves  in 
autumn,  but  that  the  former  is  connected  with  the  colour  of 
the  fruits.  The  function  of  the  leaves  is  altered  by  cold ; 
and  Mohl’s  opinion  is,  that  as  the  leaves  are  reddened  by  light 
in  the  cold,  so  fruits  owe  the  same  colour  to  warmth.  Mohl 
does  not  ascribe  the  production  of  the  red  colouring  mat- 
ter in  autumnal  leaves  to  a change  of  the  chlorophyle,  be- 
cause in  such  red  leaves  he  found  some  chlorophyle-globules 
unchanged.  It  cannot,  however,  be  denied,  that  when 
autumnal  leaves  which  are  completely  red  are  digested  with 

* I do  not  mean,  however,  that  real  C chlorophyle  i«  produced  in  thii  cate. 
When  a red  alcoholic  infuaion  from  currants  is  mixed  with  hydrochloric  add. 
and  line  laid  in  it,  it  becomes  not  green,  but  colourless. 

f Dias.  Untersuchungen  Uber  die  winterliche  Ftrbung  der  Blatter,  189T. 
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ether,  almost  no  chlorophyle  at  all  is  obtained,  and  that  the 
infusion  is  red  instead  of  green.  Now,  it  is  well  known,  that 
rery  little  chlorophyle  is  sufficient  to  colour  a large  quantity 
of  ether  green. 

Decaisne*  has  shown  that  chlorophyle  can  be  converted 
into  the  colouring  matter  of  madder,  which  is  originally  yel- 
low, and  is  rendered  red  by  moist  oxygen.  It  is,  therefore, 
probable,  that  a great  many  colouring  matters  within  the 
plants  are  derived  from  C chlorophyle,  or  at  least  from  the 
same  materials  from  which  C chlorophyle  is  produced. 

Botanical  physiologists  have  formed  various  ideas  of  the 
manner  in  which  B chlorophyle  is  produced.  Many  of  them 
have  supposed  it  to  be  green  starch ; others  to  consist  of  little 
green  vesicles;  others  again,  of  colourless  vesicles,  filled  with 
a green  liquid,  which,  as  was  thought  by  some,  adhere  to  the 
cell-walls, — and  by  others,  float  freely  in  the  plant-sap  just 
as  the  blood-molecules  float  in  the  blood. 

The  most  correct  observations  on  this  point  appear  to  have 
been  made  by  Hugo  Mohl.-f*  He  thinks  that  the  sap  in  plants 
is  never  green,  but  always  either  colourless  or  red.  When  it 
seems  to  be  green  under  the  microscope,  this  is  owing  to  a 
little  chlorophyle  reflecting  green  light  In  this  sap  chlo- 
rophyle exists  as  a green  jelly,  sometimes  in  a determinate 
form,  sometimes  formless,  or  granular,  and  sometimes  coating 
the  interior  walls  of  the  cells. 

The  amoiqihous  chlorophyle  is  found  chiefly  in  the  Confervm. 
In  phanerogamic  plants,  it  is  either  mixed  with  the  granular 
in  the  same  cell,  or  appears  adhering  to  each  little  grain ; or 
finally,  the  granular  is  diffused  through  a mass  of  gelatinous 
chlorophyle.  The  quantity  of  the  latter  is  often  so  minute, 
that  it  merely  forms  a little  cloud  as  it  were  around  the 
grain,  or  adheres  to  it  in  the  shape  of  small  threads.  In 
this  state  it  is  chiefly  found  in  the  so-called  fatty  plants 
When  it  cfjusists  of  little  grains,  these  are  found  loosely 
adhering  to  the  cell- wall,  or  floating  freely  in  the  juice  ol 
the  cella  By  means  of  these  chlorophyle-granules  the  mo- 

• Recbcrchcs  Anslomiqucs  et  PhysiologiqucB  snr  la  Qarancr,  1837. 

t Annal.  de*  Scienc.  Natur.  Bot.,  tome  bt.,  p.  150. 
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tion  of  tlie  liquid  in  the  cells  has  been  observed  in  Valisneriti 
spiralis,  and  Stratiotes  aloides.  Occasionally,  also,  some 
granules  of  chlorophyle  are  found  united  to  a third  m:xss  in 
the  midst  of  the  cell. 

Mohl  distinguishes  between  chlorophyle-granules,  and 
granules  lying  in  the  chlorophyle.  The  latter  are  globules 
without  envelopes  lying  either  with  or  without  order  in  the 
amorphous,  gelatinous  chlorophyle.  This  is  very  beautifully 
exhibited  in  the  Confervas.  These  granules  are  white,  and 
consist  entirely  of  starch. 

When  the  parts  of  plants  are  treated  with  alcohol,  the  real 
chlorophyle-globules  are  not  dissolved, — they  only  lose  their 
green  exterior  layer,  by  means  of  which  the  liquid  becomes 
green.  This  exterior  layer  consists  of  colourless  wax,  and  of 
C chlorophyle.  Several  physiologists  have  observed  that  the 
globules  themselves  are  not  dissolved.  This  is  an  important 
peculiarity,  as  it  shows  very  clearly  the  origin  of  the  green  en- 
velope, and  indicates  an  intimate  relation  between  the  colour- 
less globules  within  the  amorj)hous  chlorophyle  just  men- 
tioned, the  green  envelope  of  the  globules,  and  the  kernel  of 
these  globules,  which  remains  behind  colourless  after  they  are 
digested  with  alcohol ; — that  is  to  say,  the  kernel  is  also  a 
globule  of  starch,  and  the  green  envelope  (which,  in  a botani- 
cal sense,  must  be  called  chlorophyle,  though  it  certainly  con- 
sists of  two  substances,  namely,  pure  C chlorophyle,  and  wax) 
is  wrapped  around  the  kernel  of  starch  as  a gelatinous  layer. 
Mohl  found  this  to  be  the  case  in  many  plants,  and  he  thinks 
it  a general  rule,  that  granular  chlorophyle  has  always  a ker- 
nel of  starch.  One  chlorophyle-globule  contains  sometimes 
two,  or  even  more  globules  of  starch.  The  size  of  this 
kernel  is  very  variable,  and  is  inversely  proportional  to  the 
green  envelope.  Sometimes  it  is  entirely  wanting,  and  the 
whole  globule  consists  of  chlorophyle ; from  which  it  may 
be  inferred  that  starch  is  capable  of  being  transformed  into  B 
chlorophyle. 

This  discovery,  which  is  of  great  importance  as  regards  the 
exhalation  of  oxygen  by  plants,  enables  us  easily  to  account 
for  the  different  size  of  the  chlorophyle-globules  formerly  no- 


Digilized  by  Cooglc 


TBOETABLE  AND  ANIMAL  PHTSIOLOQY. 


287 


ticed  When  a single  globule  of  starch  is  changed  from  the 
surface  inwards  into  B chloropiiyle,  that  is,  into  wax  and  C 
chlorophyle,  which  appears  as  a gelatinous  envelope,  the 
globule  retains  its  round  figure.  When  the  green  layer  of 
one  single  grain  unites  with  that  of  the  adjoining,  the  one 
globule  of  chlorophyle  has  two  kernels  of  starch,  which  after- 
wards gradually  disappear.  Such  a globule  has  an  elliptic 
shape.  Four  globules  together  form  a tetrahaedron,  &a  When, 
finally,  a whole  group  of  starch-globules  passes  into  B chlo- 
rophyle, the  product  is  Mohl’s  amorphous  chlorophyle,  in 
which,  from  the  extension  and  union  of  the  gelatinous  enve- 
lopes, traces  of  starch-globules  may  still  remain. 

Mohl  thinks  that  a layer  of  chlorophyle  is  sometimes  form- 
ed from  the  starch-like  substance  of  the  kernel,  and  some- 
times a globule  of  starch  from  one  of  chlorophyle,  according  to 
circumstances,  and  especially  according  to  the  degree  of  light 
In  the  Conferva,  and  especially  in  Zygnema,  he  thinks  it 
indisputable,  that  a globule  of  chlorophyle  is  formed  first, 
from  which  afterwards  one  of  starch  is  produced,  because 
the  kernels  of  starch  are  much  smaller  in  the  young  parts 
than  in  the  older.  It  seems  to  be  difficult  to  reconcile  this 
with  the  character  of  these  two  substances.  We  may  sup- 
pose that  C chlorophyle  is  converted  either  into  a fatty  sub- 
stance, or  into  a resin.  It  is  not  likely  to  be  converted  into 
starch.  When  C chlorophyle  disappears, — as  happens  in  such 
parts  of  plants  as  are  withdrawn  from  the  influence  of 
light — it  must  be  transformed  into  .something  else,  which 
is  without  colour.  This  must  be  the  white  chlorophyle, 
mentioned  above.  In  oily  seeds  (p.  2.59)  fat  is  produced 
from  starch  ; but  it  is  not  probable,  that,  conversely,  a fatty 
sul)stance,  such  as  exists  within  the  B chlorophyle,  should  be 
converted  into  starch.  Mohl’s  observations  may  be,  never- 
theless, perfectly  correct,  and  I have  not  the  least  doubt, 
that  the  starch  kernels  of  the  chlorophyle-globules  are 
larger  in  the  older  parts  of  Zygnema,  than  in  the  younger ; — 
for  there  is  nothing  to  prevent  us  from  supposing  an  increase 
in  the  size  of  the  starch  kernel,  though  part  of  the  exterior 
layers  of  the  starch-globules  Ire  continually  converted  into 
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chlorophyle,  provided  the  latter  change  be  inferior  to  the  in- 
crease in  the  starch-globule. 

It  is  sufficiently  known,  that  the  influence  of  light  causes 
the  change  of  starch  into  chlorophyle.  Every  part  of  amy- 
laceous roots  becomes  green,  on  exposure  to  light  The  parts 
of  plants  which  become  green,  all  without  exception,  contain 
starch  ; and  in  autumn,  when  this  green  colour  of  the  leaves 
continually  decrease.s,  the  starch  also  decreases,  and  finally 
disappears  so  far,  that  no  further  trace  of  it  can  be  detected 
by  iodine.  From  these  observations  it  follows,  that  starch, 
which  is  BO  generally  difiused  through  plants,  serves  to  form 
B chlorophyle,  under  the  influence  of  light ; the  latter  sub- 
stance being  a complex  one,  and  consisting  chiefly  of  wax* 

All  that  we  have  previously  said,  therefore,  (p.  261)  in  re- 
gard to  the  change  of  starch  into  fats,  holds  good  also,  to 
some  extent,  as  to  the  change  of  starch  into  one  of  the  con- 
stituents of  the  botanical  chlorophyle.  In  the  leaves  or  other 
parts  of  plants,  which  contain  starch,  one  of  the  products  is 
wax,  which  is  a chief  part  of  the  mixture  that  constitutes 
the  green  colouring  matter.  The  composition  of  this  wax 
is  (p.  270) — 

CIS  HIS  O.f 

If  no  other  products  be  formed  at  the  same  time,  this  wax 
is  produced  from  starch  by  the  liberation  of  oxygen ; — 5 
equivalents  of  starch  producing  4 equivalents  of  wax,  and 
giving  oflf  56  equivalents  of  oxygen.  Thus, 


* From  an  obserration  published  by  Baspail  in  1883,  it  appears  that  the 
starch  in  the  cotyledons  of  Acer  plantanoides  is  siirroanded  with  a green  colour 
ing  matter.  Hence  in  some  cases  chlorophyle  may  also  be  formed  without  the 
influence  df  light.  Nouveau  Systeme  dc  Chimie  Organique,  p.  77.  The  em- 
bryo in  the  seed  of  the  citron  has  a green  colour. 

f Wax  from  grass  (1.)  and  from  Scringa-leares  (II.),  gave,  after  analysis 
(Scheik.  Onderz.  Deel  II.  p.  157)  : — 


I. 

II. 

Atoms. 

Calculated. 

c 

79.83 

80.46 

15 

79.98 

H 

13.33 

13.28 

15 

13  05 

0 

6.84 

6.26 

1 

6.97 
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6 equiv.  of  starch,= 

With  10  of  water,  = Hi®  O'® 

Make,  C60H«0O80 

And — 

4 of  wax  are  equal  to  ...  C*®  H8®  0 * 

Leaving  to  be  given  off,  ...  O** 

A large  quantity  of  green  leaves  contains  but  an  exceed- 
ingly minute  portion  of  green  matter.  That  which  is  ex- 
tracted frora  leaves  by  ether,  consists  chiefly  of  a fatty  sub- 
stance. I analysed  four  very  different  kinds, — that  from  the 
leaves  of  the  seringa,  of  the  vine,  of  the  poplar,  and  of  grass* 
and  in  all  of  them  I found  the  kind  of  wax  mentioned  above, 
having  the  same  properties  and  composition.  It  was  in  all 
mixfd  with  only  an  exceedingly  small  portion  of  C chloro- 
ph’  le.  Thus  a large  quantity  of  oxygen  must  be  set  free, 
when  wax  is  formed  from  starch,  and  this  may  account  for  the 
i’nportant  phenomenon,  not  that  green  parts  of  plants  evolve 
jxygen,  but  that  parts  of  plants,  while  beaming  green,  give 
off  oxygen.  For  it  appears  that  the  formation  of  fats  is 
simultaneous  with  that  of  the  green  colouring  matter,  with 
which  they  are  mixed  within  the  plant 

This,  I think,  may  explain,  at  the  same  time,  the  use  of 
starch  in  the  leaves. 

Lewy*  thought  he  had  converted  wax  into  stearic  acid, 
by  the  action  of  lime  and  potash  at  an  elevated  temperature, 
hydrogen  being  given  off.  The  composition  of  these  sub- 
stances is  calculated  by  Gerhard  in  the  following  manner : — 
Stearic  acid,  ...  ...  C'®H'®02 

Wax,  C'9  H'9  0 

But  the  above  formula  does  not  represent  the  composition  of 
stearic  acid ; so  that  the  change  requires  another  explanation. 

It  is  likely,  however,  that  wax,  produced  from  starch,  can 
be  changed  into  fats  by  oxidizing  influences  within  the  plant. 
It  may  further  be  held,  that  wax  does  not  imdergo  that 
change  within  the  animal  body,  since  it  cannot  be  changed 

* Erdmann  and  Marchand'a  Journal,  1843,  N.  17,  >.  13. 
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into  soap  by  a weak  alkaline  solution,  and  so  cannot  be  intro- 
duced into  the  blood  of  animals,  but  must  remain  in  the  in- 
testines, (See  page  256.) 

We  are  thus  led  to  infer,  that  starch  becoming  converted 
into  wa.x  within  the  leaves,  is  a main  source  of  the  oxygen 
given  off  by  planta 

Why  only  such  parts  of  plants  as  are  becoming  green  or 
more  green,  give  off  oxygen,  is  a question  which  still  remains 
to  be  explained. 

Properly  speaking,  the  green  colouring  matter  in  the  leaves 
has  nothing  to  do  with  the  evolution  of  oxygen.  On  the 
contrary,  the  coulourless  C chlorophyle,  which  seems  to  be 
present  eveiywhere,  becomes  green  from  the  absorption  of  oxy- 
gen. Thus  a small  part  of  the  oxygen,  produced  from  the 
conversion  of  starch  into  wax,  is  employed  for  this  purpose, 
and  is  not  mixed  with  the  atmosphere 

But  this  is  just  the  reason  why  C chlorophyle  is  not  formed 
by  the  exhalation  of  oxygen ; it  only  becomes  green  in- 
stead of  white,  as  it  formerly  was.  This  can  happen  only 
where  oxygen  is  abundant,  and  this  we  have  seen  to  be  the 
case  when  starch  is  converted  into  wax. 

We  may  therefore  assume  as  proved,  that  white  chlorophyle, 
diffused  throughout  the  whole  plant,  w’ill  become  green  in 
proportion  as  starch  is  converted  into  wax ; because  it  is  en- 
abled, in  such  proportion,  to  take  up  oxygen — to  become 
oxidized,  just  like  white  indigo. 

Now,  the  probable  composition  of  green  chlorophyle, — 
(J18  H9  N 0*,  shows  that  pure  white  chlorophyle  is  not  pro- 
duced from  starch.  It  is  necessary  that  an  azotised  body 
should  get  access  to  starch  ; that  is  to  say,  at  the  same  mo- 
ment that  starch  is  changed  into  wax,  an  azotised  body,  in  a 
liquid  state,  must  penetrate  into  the  globule  of  starch,  which, 
during  this  transformation  into  w'ax,  is  converted  into 
CIS  H9N08. 

We  do  not  know  yet  what  that  substance  is,  but  it  is  cer- 
tain that  it  must  be  one,  w’hich  is  difiused  throughout  the 
plant  like  starch  ; hence  it  is  probably  protein,  which  is 
changed  into  a most  beautiful  Violet-coloured  substance  by 
the  influence  of  hydrochloric  acid  and  oxygen. 
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Protein. 

In  both  plants  and  animals  a substance  is  contained,  which 
is  produced  within  the  former,  and  is  imparted  through  their 
food  to  the  latter.  To  both,  its  uses  are  numberlesa  It  is 
one  of  the  most  complicated  substances,  is  very  changeable 
in  composition  under  various  circumstances,  and  hence  is  a 
source  of  chemical  transformations,  especially  within  the  ani- 
mal body,  which  cannot  even  be  imagined  without  it.  ,It  is 
unquestionably  the  most  important  of  all  known  substances 
in  the  organic  kingdom.  Without  it  no  life  appears  possible 
on  our  planet.  Through  its  means  the  chief  phenomena  of 
life  are  produced. 

It  is  present  in  all  parts  of  plants,  in  roots,  stems,  leaves, 
fruits,  and  in  their  several  saps.  It  is  contained  in  very  un- 
like parts  of  the  animal  body.  In  plants  it  assumes  three 
different  forms,  in  which  it  is  either  soluble  in  water,  or  in- 
soluble in  water,  or  soluble  in  alcohol  In  animals  it  also 
exists  in  various  forms,  being  either  soluble  or  insoluble  in 
water.  In  the  insoluble  form  its  structure  is  variable  It 
forms  different  compounds  with  sulphur,  with  phosphorus,  or 
with  both, — and  hence  the  differences  it  presents  in  appear- 
ance and  physical  properties.  This  substance  has  received 
the  name  of  protein,  because  it  is  the  origin  of  so  many  dissimi- 
lar bodies,  and  is  itself  therefore  a primary  substanca 

This  substance  may  be  obtained  in  the  form  of  greyish 
white  flocks,  when  boiled  albumen  is  dissolved  in  a weak 
solution  of  caustic  alkali,  and  the  liquid  is  then  neutralized 
by  an  acid.  It  is  also  obtained  by  washing  the  dough  of 
wheaten  flour  with  water,  to  separate  the  starch  from  it — 
dissolving  the  remainder  in  a weak  alkaline  solution,  and 
neutralizing  with  an  acid. 

In  the  animal  body,  this  substance  is  the  chief  consti- 
tuent of  the  blood,  the  muscles,  and  many  other  parts,  and 
affords  frequent  opportunities  for  the  production  of  new  com- 
pounds It  is  found  in  the  saps  of  all  plants  without  excep- 
tion ; even  in  the  young  parts  of  the  roots.  Like  cellolose, 
therefore,  it  belongs  to  the  substances  which  are  directly 
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prepared  from  their  food.  It  is  uncertain  whether  or  not 
this  substance  is  formed  in  any  other  part  of  the  plant : but  as 
the  youngest  roots  contain  protein  compounds,  together  with 
cellulose,  it  may  be  carried  from  the  place  of  its  first  forma- 
tion through  the  whole  plant.  The  property  it  possesses  of 
becoming  readily  soluble  in  water  renders  this  the  more  easy. 
But  on  the  other  hand,  it  can  assume  the  solid  form,  and 
being  deposited  in  the  cells,  fills  them  up,  and  forms  part  of 
the  solid  constituents  of  plants.  In  this  form  it  is  found 
in  many  seeds,  of  which  it  occasionally  constitutes  the  largest 
part.  It  is  deposited  there,  but  was  probably  produced  at  the 
extremities  of  the  roots,  having  been  originally  dissolved 
in  the  sap. 

This  deposition  of  solid  protein  in  certain  groups  of  cells, 
within  the  plants,  may  be  effected  by  a simple  process  Acids 
in  large  quantity  render  it  insoluble,  therefore  the  mere  access 
of  an  acid  is  sufficient  for  this  transformation.  On  the  other 
hand,  the  insoluble  protein  may  be  redissolved  by  alkalies, 
and  hence,  after  it  has  been  deposited  in  the  cells  in  a solid 
state,  it  may  be  removed  elsewhere  by  the  accession  of  an 
alkaline  solution. 

There  are  some  vegetable  saps  which  are  milk-white,  owing 
to  the  large  quantity  of  protein  compounds  they  contaia 
For  this  reason  they  all  become  turbid  when  heated.  With 
fatty  oils  and  water,  they  form  emulsiona  These  compounds 
contain  sulphur  and  phosphorus,  united  to  bases  and  salta 
They  are  very  easily  altered  in  their  composition,  and  there- 
fore belong  to  the  most  important  substances  of  the  vegetable 
kingdom, — ^through  which  also  transformations  may  be  ex- 
cited and  maintained  in  other  compound  bodies. 

Protein,  as  we  have  said,  is  formed  in  plants,  and  these 
impart  it  to  animals  in  their  food.  Whether  it  can  also  be 
formed  within  the  animal  body,  has  not  yet  been  ascertained. 
A decided  opinion,  on  this  point,  can  only  be  given  after  ex- 
periments have  been  made  upon  the  subject.  But  it  is  un- 
questionable that  the  protein  compounds  within  the  plant 
are  imparted  to  the  animals  in  their  food,  and  as  these  com- 
pounds are  the  principal  component  parts  of  the  animal  body. 
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this  constituent  must  be  supplied,  either  wholly  or  in  part, 
by  plants. 

No  impartial  observer  can  either  doubt  or  deny,  that  pro- 
tein pre-exists  in  plants,  and  is  not  produced  by  the  weak  alkar 
line  solution  used  to  prepare  it  For,  first,  the  protein  com- 
foundi  within  the  plant  have  precisely  the  same  properties 
as  protein  itself,  provided  we  exclude  those  properties  which 
belong  to  the  substances  combined  with  the  protein.  Vegetable 
albumen,  for  example,  which  is  a compound  of  protein,  sul- 
phur and  phosphorus,  has  all  the  properties  of  protein,  modi- 
fied slightly  by  those  which  belong  to  sulphur  and  phospho- 
rus If  we  consider  farther,  that  protein  and  albumen  have 
the  same  composition  in  the  htmdred  parts,  abstracting  the 
sulphur  and  phosphorus  which  the  latter  contains,  we  think 
there  can  be  no  doubt  that  protein  does  pre-exist  in  plants. 

The  formula  of  protein,  deduced  both  from  its  numerous  com- 
binations with  acids  and  from  direct  analysis,  isC*®  H8i  N6012.» 

' In  1838  I determined  Unis  fotmnU,  from  the  resalt  of  a great  many  ana- 
I7ML  Protein  from  fibrin,  from  oz-Uood,  and  from  albnmen,  gave  me  (Bnl- 
letin,  1888,  p.  110)— 


c 

55.44 

55.80 

Atoms. 

40 

Calculated. 

65.29 

H 

6.96 

6.94 

SI 

7.00 

N 

16.05 

16.02 

5 

16.01 

0 

21.56 

21.74 

12 

21.70 

I ^ fonnd  the  composition  of  protein  from  wheat  to  be  (Bulletin,  1888,  p. 
llli- 

C 64.99 

H 6.87 

N 15.68 

O 22.48 

It  thus  appeared,  that  plants  prepare  all  or  most  of  the  protein  for  animals, 
•0  that  animal  albumen,  animal  fibrin,  he.,  which  differ  from  protein  only 
in  containing  a smail  portion  of  sulphur  and  phosphorus,  must  have  their  origin 
in  the  regetable  kingdom.  After  many  vain  attempts  to  determine  the  atomic 
weight  of  protein,  I succeeded  at  iast  by  means  of  sulphuric,  chlorous,  tannic, 
ud  other  acids.  (Bulletin,  1888,  p.  119,  1839,  p.  16.  Scheik.  Onderz.  Deel  1. 

p61) 


Solpho-proteic  acid. 

Found. 

Atoms. 
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12 
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Plants  contain  compounds  of  protein  with  sulphur  and  phos- 
phorus ; but  their  composition  is  not  yet  known.  Formerly  they 
were  called  soluble  albumen,  coagulated  albumen,  legumin,  and 
glutin ; Liebig,  however,  has  thought  6t  to  name  the  first 
three  vegetable  albumen,  vegetable  fibrin,  and  vegetable  casein. 
If  this  nomenclature  be  correct,  it  must  be  founded  on  a con- 
formity in  composition  of  these  three  substances,  with  three 
protein  compounds  in  the  animal  kingdom — albumen,  fibrin. 


Suipbo-proteate  of  silver. 


Found. 

Atoms. 

Calculated. 

c 

41.96 

40 

40.86 

H 

6.27 

81 

6.17 

N 

5 

11.84 

0 

12 

16.04 

8 0> 

6.33 

1 

6.70 

Ag  0 

19.72 

1 

19.89 

The  eompoeilion  of  two  other  sulpbo-proteatee  may  be  seen  in  Scbeik.  Onderz. 
Deel  I.  p.  6S.  They  have  been  analysed  by  Schroder. 

Tannate  of  protein. 


Found. 

Atoms. 

Calculated. 

65.15 

54.28 

58 

54.78 

5.56 

5.75 

38 

5.86 

10.63 

5 

10.94 

28.66 

23 

28.42 

= C"  H”  N*  0“  + CM  H»  0»  + 2 Aq. 
Chlorite  of  protein. 


From  the  albumen  of  the  egg. 

From  fibrin. 

C 

48.54 

48.80 

48.70 
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6.15 

6.28 

6.06 

N 

14.08 

14.18 
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C10» 

11.70 

11.17 

11.66 

Prom  casein. 

Atoms. 

Calculated. 
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49.17 

40 

48.76 

H 

6.39 

31 

6.16 

N 

6 

14.11 

0 

12 

19.18 

CIO* 

12.27 

1 

11.84 

Hence,  1 think  myself  entitled  to  consider  the  formula  of  protein,  C«  H" 
N*  0**,  as  established  beyond  question,  unless  these  analyses  can  be  proved 
to  be  incorrect.  I have  only  to  remark,  that  here,  as  in  all  the  calculations 
throughout  this  work,  I have  assumed  the  atomic  weight  of  carbon  to  be 
76.487,  and  that,  if  the  number  assumed  for  carbon  be  75,  the  number  of 
equivalents  of  hydrogen  will  be  30,  instead  of  31.  All  my  attempts  to  combine 
protein  with  bases,  and  thence  infer  its  atomic  weight,  have  been  in  vain.  (See 
Bulletin,  1838,  p.  112.) 
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and  casein.  This  conformity,  however,  still  remains  to  be 
proved.  The  special  character  of  these  animal  substances  i.s 
determined  by  the  small  portion  of  sulphur  and  phosphorus 
they  contain,  and  by  which  they  differ  from  each  other,  and 
from  pure  protein.  The  proportions  of  sulphur  and  phos- 
phorus in  the  three  vegetable  substances  are  still  tmknown ; 
and,  therefore,  the  names  proposed  by  Liebig  cannot  be 
applied  to  them.  Moreover,  both  coagulated  vegetable  albu- 
men and  legumin  differ  so  much  from  animal  fibrin  and  casein, 
both  in  form  and  appearance,  that  they  ought  not  to  have  a 
similar  name  Thus,  until  the  identity  of  these  vegetable 
and  animal  substances  is  sufficiently  proved,  we  must  per- 
sist in  giving  the  name  of  legumin  to  that  substance  which  is 
precipitated  in  white  flocks,  when  the  infusion  of  crushed  peas 
and  beans  in  warm  water  is  mixed  with  an  acid.  (Braconnot.) 

By  tegeUMe  albumen,  we  mean  that  substance  which,  being 
soluble  in  water,  is  precipitated  from  the  saps  of  plants  by 
heat,  by  alcohol,  and  by  acids.  It  is  soluble  in  weak  alkaline 
liquids,  from  which  it  is  precipitated  by  acids,  and  (keeping 
out  of  view  the  sulphur  and  phosphorus)  it  has  the  same 
composition  as  protein. 

By  coagulated  vegetable  albumen,  I mean  that  compound  of 
protem,  sulphur,  and  phosphorus— existing  in  the  seeds  of 
com,  in  almonds,  &a — which  is  insoluble  in  water. 

Rj  ffltttin,  I mean  the  substance  which  can  be  extracted 
by  alcohol  from  Beccaria’s  gluten.*  The  formula  of  glutin 
from  wheat  is  : — 

10  (C^OHSi  N5Q12)  -I-  S2. 

* Different  grains  contain  different  quantities  of  these  sabstanoes.  The 
following  is  a brief  enumeration  of  the  proportions  of  starch,  albumen,  and  gln- 


lin,  which  they  severally  contain. 

Starch. 

Albumen  and  glutin. 

Winter  wheat, 

77 

19 

Summer  wheat. 

70 

24 

Barley, 

79 

6 

Rye, 

61 

5 

Oats, 

59 

6 

Carolina  rice. 

85 

3.6 

Peas, 

33 

17.6 

For  a more  complete  table,  the  reader  is  referred  to  Johnston's  Ltetura 
AjncuUural  ChemUtry  and  Otology,  p.  777. 
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It  had  been  proved,  that  the  chief  constituent  of  the  animal 
body  is  prepared  by  plants, — that  animal  fibrin,  albumen, 
and  casein  differ  from  each  other  only  by  the  small  proportions 
of  sulphur  and  phosphorus  which  they  contain — and  that 
they  yield  the  same  protein  as  v^etable  albumen  does,  when 
treated  vrith  alkaliea  Liebig  has  since  discovered  a similar 
identity  between  vegetable  albumen,  coagulated  vegetable 
albumen,  legumin,  and  glutin,  in  so  far  as  their  relative 
proportions  of  carbon,  hydrogen,  and  nitrogen  are  concerned. 
The  analyses  he  has  published,  have  thus  more  fully  con- 
firmed the  conclusion  that  all  these  substances  are  protein- 
compounds.*  Much,  however,  remains  to  be  explained,  before 
we  can  be  said  to  have  a thorough  knowledge  of  these  four 
vegetable  compounds. 

It  is  certain,  however,  that  they  contain  protein-com- 

* It  followed  from  the  experiment*,  mentioned  above  (p.  293),  that  coagu- 
lated vegetable  albumen  eontaina  protein.  More  recently  (Annaleu  der  Chemie 
nnd  Pbarmacie,  1841,  Bd.  39,  S.  129,  and  Bd.  40,  S.  65)  Liebig  has  published 
some  analyses,  made  by  Jones,  of  the  albuminous  constituents  of  plants,  not 
separated  from  the  smidl  portions  of  sulphur  and  phosphorus,  with  which  they 
are  mixed.  These  are  as  follows 


Coagulated  vegetable  albumen,  ., 

..  0 

53.88 

H 

7.02 

W 

16.58 

0 

23.66 

Vegetable  albumen. 

..  c 

64,74 

H 

7.77(1) 

N 

16.86 

0 

21.64 

Olutln, 

..  c 

65.22 

H 

7.42(1) 

N 

16.98 

0 

21.88 

The  quantities  of  sulphur  and  phosphorus  with  which  protein  combines 
when  forming  the  three  substances  in  plants,  have  not  been  determined. 

Legumin,  precipitated  by  sulphuric  acid  from  a watery  infusion  of  beans,  and 
the  precipitate  afterwards  digested  with  ether,  gave — 

C S5.06 

H 7.69(1) 

N 16.89 

0 21.17 
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pounds,  which,  when  Introduced  into  the  animal  body,  trans- 
fer the  protein  to  it  unchanged.  Hence,  we  may  infer. 


These  analyses  hare  been  repeated,  more  recently,  by  Dumas  and  Cahours 
(Annale  de  Cbimie  et  de  Physique,  tome  vi.,  1842,  p.  409.)  With  regard  to 
vegetable  albumen  and  glutin,  their  results  do  not  differ  from  those  obtained 
by  Jones  (see  p.  409,  419,  and  428).  But  for  legumin  from  beans  they  found — 

C 50.63  50.46 

H 6.91  6.65 

X 18.15  18.19 

O 24.41  24.70 

Vhen  bruised  almonds  are  digested  with  cold  water,  a large  quantity  of  a 
omilir  snbstance  can  be  precipitated  from  the  liquid  by  an  acid.  Dumas  and 


Cahouri  found  Its  composition  to  be  os  follows  (p.  427) : — 

C 

50.94 

60.93 

H 

6.72 

6.70 

X 

18.93 

18.77 

0 

23.41 

23.60 

This  should,  therefore,  be  the  same  substance 

as  legumin.  They  obtained  it 

Hhevise  from  plums,  apricots,  mustard-seed,  Ac.  It  is  coagulated  by  rennet, 
thoegh  Us  composition  remains  the  same. 

If  the  analyses  of  Dumas  and  Cahours  are  correct,  then  those  of  Jones  are  not, 
and  legumin  would  not  belong  to  the  series  of  protein-compounds,  but  would 
be  analogoos  to  gelatino  (see  below).  In  these  cases,  however,  the  correctness 
of  Dumas  and  Cahours  is  not  much  to  be  relied  upon.  (Scheik.  Onderz.  Deel 
I.,  p.  553.) 

Bocbleder  has  since  made  analyses  of  protein  from  legumin.  (Annalen  der 
Chemie  und  Pharmacie,  Bd.  46,  S.  162.)  The  results  obtained  by  him,  differ 
from  those  which  Jones,  Dumas,  and  Cahours  obtained  for  legumin. 

C 54.49 

H 7.40 

X 14.78 

O 23.83 

Bnchleder  asserts,  that  legumin  is  similar  to  casein,  differing  from  it  only  in 
Ki  reaction  with  acetic  acid.  These  analyses,  however,  have  been  made  with 
protein  from  legumin,  not  with  legumin  itself.  For  Rochleder  dissolved  the 
legumin  in  strong  potash,  and  precipitated  the  filtered  liquid  with  acetic 
acid,  so  that  it  could  no  longer  be  legumin;  but  must  have  been  changed 
into  protein,  being  freed  from  sulphur,  and  at  the  same  time  mixed  with  an- 
other substance,  the  presence  of  which  diminishes  both  the  nitrogen  and 
carbon  at  a rate  of  more  than  one  per  cent.  The  composition  of  legumin, 
therefore,  is  still  unknown.  According  to  Rochleder,  legumin  contains  sul- 
phur and  a certain  quantity  of  a substance,  insoluble  in  potash  and  ammo- 
nia But  the  legumin  of  almonds  and  peas  does  not  contain  any  free  sulphur. 

U 
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that  the  changes,  produced  by  animal  digestion  in  these 
substances,  in  order  to  prepare  animal  constituents  from 
them,  are,  frst,  that  it  dissolves  the  insoluble  vegetable 
albumen  and  glutin  ; and,  tecondly,  that  it  alters  the  quanti- 
ties of  sulphur  and  phosphorus — which  probably  exist  in  the 
vegetable  protein-compounds,  in  other  proportions  than  in 
those  of  the  animal.  With  regard  to  glutin,  this  fact  is 
proved. 

It  will  not  be  superfluous  here,  to  dwell  shortly  upon 
the  properties  of  these  vegetable  protein-compounds. 

1°  Glutin  and  coagulated  vegetable  albumen  may  be  ob- 
tained by  kneading  wheat-flour  under  water  to  separate  the 
starch,  and  digesting  the  residue  with  alcohol.  What  remains 
undissolved,  is  coagulated  vegetable  albumen,  still  containing 
some  starch,  from  which  it  may  be  separated  by  boiling  in 
water.  It  contains  also  some  ceUulo$e.  It  cannot,  therefore, 
be  submitted  to  elementary  analysis  in  this  condition  ; for 
then  we  obtain  the  results  of  a mixture  of  vegetable  albu- 
men and  cellulose.  This  is  the  reason  why  Jones  (see  note, 
page  296)  obtained  too  little  carbon  from  the  stibstance  he 
had  prepared  in  this  way. 

We  have  no  other  means  of  separating  the  cellulose  from 
the  vegetable  albumen  in  the  above  mixture,  than  by  chang- 
ing the  albumen  into  protein,  that  is,  by  taking  away  the  sul- 
phur and  phosphorus  from  the  albumen.  This  can  be  done 
by  potash.  By  a weak  alkaline  solution  the  protein  is  dis- 
solved, and  the  phosphorus  oxidized.  From  the  sulphur, 
sulphuret  of  potassium  is  formed,  and  the  cellulose  remains 


Further  ex)icrimenti)  arc,  therefore,  neceRsary  to  detenuine  thii  point. 
From  glutin  of  wheat,  eeparated  from  alcohol  by  cooling,  rcdiseoivcd  in  alco- 
hol, separated  anew  and  treated  with  ether,  I obtained  this  resmlt  (Seheik. 
Ondeni.  DecI  II.): — 


I. 

11. 

Atoms. 

Calculated. 

c 

M.93 

54.75 

400 

'54.89 

H 

7.11 

6.09 

310 

6.94 

N 

15.71 

16.71 

50 

15.90 

O 

21.68 

21.93 

120 

21.55 

s 

0.67 

0.62 

2 

0.72 
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undissolved.  By  adding  a weak  acid  to  the  clear  solution, 
protein  is  precipitated. 

No  method  has  been  discovered  of  obtaining  pure  coagu- 
lated albumen.  In  all  seeds,  in  which  it  is  present,  it  is 
mixed  with  cellulose,  for  which  we  do  not  know  any  solvent, 
which  would  not  also  take  up  the  albumen  ; and  if  the  albu- 
men is  dissolved  and  the  cellulose  left,  the  former  is  changed 
by  solution  into  protein.  Thus  we  are  not  yet  acquainted 
with  any  pure,  so-called,  coagulated  vegetable  albumen  ; and 
it  is  thus  equally  unknown  with  what  quantity  of  sulphur 
and  phosphorus,  the  protein  it  contains  is  combined. 

The  substance  which  is  dissolved  from  coagulated  vege- 
table albumen  by  caustic  potash,  has  the  same  properties  as 
animal  protein,  obtained  by  dissolving  cheese,  fibrin,  albu- 
men from  eggs,  and  that  from  the  serum  of  the  blood  in  a 
weak  solution  of  potash.  When  mineral  acids  are  added  to 
this  liquid,  protein  is  precipitated  and  a little  sulphuretted 
hydrogen  is  disengaged. 

The  property  of  being  soluble  both  in  potash  and  acetic 
acid,  is  possessed  by  all  the  protein-compounds,  in  common 
with  the  vegetable  albumen,  which  we  have  called  coagulated. 
These  properties  are  accurately  described  in  the  work  of 
Berzelius,*  in  treating  of  vegetable  albumen,  glutin,  animal 
albumen,  fibrin,  casein,  &c. 

The  substance,  soluble  in  alcohol,  which  is  left  behind,  after 
wheat  flour  has  been  kneaded  with  water,  is  called  glutin. 
After  the  alcohol  is  cooled,  mixed  with  water  and  distilled 
off,  this  substance  is  precipitated  in  the  form  of  white  flocks  ; 
another  part  of  it,  together  with  the  gum,  is  kept  in  solution 
by  the  weak  alcohol,  even  when  it  has  been  diluted  with  much 
water.  When  moist,  it  is  very  coherent,  viscous  and  elastic  ; 
when  dried,  it  is  a semi-transparent  substance,  very  hard, 
difficult  to  reduce  to  powder,  and  insoluble  in  water,  and 
possesses  all  the  properties  of  the  compounds  of  protein 
with  sulphur. 

This  compound  is  probably  not  a pure  chemical  body ; for 
when  acetic  acid  is  poured  upon  the  glutin  obtained  as 

* Traite  de  Cfaimie. 
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above,  though  the  greater  part  is  dissolved,  yet  a small  por- 
tion  of  a substance,  insoluble  in  acetic  acid,  is  left  behind 
This  substance  makes  the  liquid  opaque,  and  cannot  be  sepa- 
rated by  filtration. 

We  are  thus,  as  yet,  but  imperfectly  acquainted  with  the 
real  character  of  glutin,  although  we  know  that  it  is  a com- 
pound of  sulphur  with  protein. 

2°  The  albumen  of  plants  has  similar  properties  with  those 
possessed  by  the  animal  albumen,  from  the  serum  of  the  blood, 
from  eggs,  and  from  several  other  bodiea  It  is  obtained  in  a 
coagulated  form  from  all  fresh  saps  of  plants,  upon  heating 
them.  This  is  the  form  in  which  protein  is  chiefly  prepared 
in  plants,  and  from  which  the  other  protein-compounds  they 
contain — for  instance,  the  coagulated  albumen — ore  probably 
produced.  When  coagulated  from  the  saps  of  plants  by  heat, 
it  contains  chlorophyle  and  other  substances. 

It  is  obtained  in  a pure  state  from  wheaten-flour,  by  heat- 
ing the  water  with  which  the  dough  has  been  kneaded,  after 
the  starch  has  subsided.  The  albumen  coagulates,  and  after 
being  boiled  with  water  and  alcohol,  is  pure  vegetable  albu- 
men. Its  component  parts  are  just  the  same  as  those  of  ani- 
mal albumen,  with  the  exception  of  the  sulphur  and  phos- 
phorus, the  proportions  of  which  have  not  been  determined* 

3°  Legumin  is  a substance  very  much  like  glutin,  and  is  ob- 
tained chiefly  from  peas  and  beana  When  the  meal  of  those 
seeds  is  soaked  in  water,  legumin  is  dissolved,  and  may  be 
precipitated  by  an  acid  The  liquid  in  which  it  is  dissolved 
has  an  acid  reaction ; — when  separated  it  is  insoluble  in  water. 
When  dissolved  in  ammonia,  precipitated  again  by  an  acid 
and  then  treated  with  alcohol,  it  is  pure.  It  is  a compound 
of  protein,  but  we  do  not  yet  know  its  exact  nature. 

In  almonds  a substance  is  found  similar  to  legumin,  which, 
though  prepared  in  the  same  manner,  has  given  difierent  re- 


* Adriuii,  in  Scheik.  Onderz.  Dee)  I.  p.  66. 


C 64.78 

H 7.84 

N 16.01 

0 21.87 
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suits  bj  analysis.  Almonds  contain  also  a substance  called 
synaptas,  of  which  the  composition  is  not  that  of  a protein 
compound.  • 

It  follows  from  this  brief  account  of  the  four  protein-com- 
pounds known  to  exist  in  plants,  that  two  of  them  are  soluble 
in  cold  water — namely,  albumen  and  legumin,  of  which  the 
former  can  be  coagulated  by  heating  the  liquid  in  which  it 
is  contained,  but  not  the  latter ; — and  that  the  two  others 
are  insoluble  in  water,  the  so-called  coagulated  albumen  and 
glntin,  of  which  the  latter  is  soluble  in  alcohol. 

In  the  animal  body  similar  substances  are  also  found,  which 
differ  from  each  other  by  minute  admixtures  or  combinations. 
As  legumin  and  glutin  differ  from  vegetable  albumen,  so 
does  casein  differ  from  animal  albumen.  There  exists  only 
an  approximation  in  properties  and  composition  between  those 
bodies,  and  as  long  as  we  are  unacquainted  with  these  minute 
admixtures,  we  cannot  know  their  real  composition. 

The  protein-compounds  contained  in  the  animal  body,  as 
far  as  is  yet  known,  are  the  following : — 

Fibrin  from  blood,  is  composed  after  the  formula — 

10  (C<o  H31  N5  012)  + S Ph. 

Albumen  from  the  serum  of  the  blood — 

10  (C<0  H31  N5  012)  q.  S2P1l 

Albumen  from  eggs,  is  the  same  as  fibrin. 

Casein,  from  cows’  milk — 

10  (O0H31  N5  012)  + S. 

The  substance  which  forms  the  chief  constituent  of  the 
crystalline  lens  of  the  eye — 

* Richardson  and  Thomson  have  analysed  an  impnre  synaptas  called  emul- 
flse,  and  have  found  its  composition  to  be : — 


c 

49.025 

48.556 

H 

7.788 

7.677 

N 

18.910 

18.742 

0 

24.277 

25.026 

Liebig,  Chim.  Organ.,  p.  1S5. 
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15  (C<«  H31  N6  01-^)  + S.* 

These  are  all  the  protein-compounds  of  the  animal  IkkIt 
which  are  yet  known.  But  the  muscular  fibre  is  also  a com- 
pound of  protein.  The  brain,  the  liver,  the  kidneys,  and 


* The  aualv'ses  made  by  me  iu  1838,  arc  the  rolloving  (Bulletin,  1838,  p. 
108) 


Fibrin  from 

Albumen 

ox-blood. 

from  eggs. 

Atoms. 

Calculated, 

c 

54.66 

54.48 

400 

54.90 

II 

6.90 

7.01 

310 

6.95 

N 

15.72 

16.70 

50 

15.89 

0 

22.13 

22.00 

120 

21.55 

Ph 

0.33 

0.43 

1 

0.35 

a 

0.36 

0.38 

1 

0 36 

Albumen  from  the 

serum  of  the  blood. 

Atoms. 

Calculated. 

C 

54.84 

400 

54.70 

H 

7.09 

310 

6.92 

N 

16.83 

SO 

15.84 

0 

21.23 

120 

21.47 

Ph 

0.33 

1 

0.85 

s 

0.68 

2 

0.72 

Caaein  from  covr'a  milk  (Bulletin,  1839,  p.  9). 


Fonud. 

Atoms. 

Calculated 

C 

54.96 

400 

65.10 

H 

7.15 

310 

6.97 

N 

16.80 

50 

15.96 

O 

21.73 

120 

21.62 

a 

0.36 

1 

0.36 

Crystalline 

from  the  eye  (Bulletin,  1839, 

, p.  195). 

C 55.39 

II  0.94 

N 16.61 

O 20.91 

S 0.25 

The  latter  aubstauec  produecu  with  aulphuric  acid,  sulpho-proteic  acid,  whieli 
gives  8.63  per  cent,  of  sulphuric  acid,  that  is,  1 cquir.  for 

C»  H»‘  O'*. 

From  oysters,  previously  treated  with  water  and  alcohol,  then  dissolved  in  acetic 
acid  and  precipitated  by  ammonia,  I obtained  protein  (Bulletin,  1839,  p.  14). — 
C 54.87 

II  7.10 

N 16.89 

O 22.14 
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many  other  organs  contain  protein-compounds,  in  the  form  of 
albumen.  Such  compounds  are  likewise  present  in  the  serum, 
in  the  horns,  nails,  skin,  and  hair.  Oysters  consist  almost 
entirely  of  protein- compounds,  and  they  exist  also  in  silk  and 


Finall;,  from  ailk,  after  the  gelatine  had  been  separated  by  boiling  it  in  water, 
I obtained  albumen,  of  which  the  composition  was  (Natuur-cn  Scheik. 
Archief.  Dcel  IV.  p.  2ST): — 

C 54.01 

H 7.27 

>'  15.4tf 

O 23.2G 

Sereral  of  those  substances  hare  since  been  analysed  by  Scheerer  (.Annalen  der 
Chemie  und  Phannacic,  Bd.  xl.,  S.  1) ; the  results  of  his  analyses  are  quite 
the  same.  I do  not  mention  those  of  Dumas  (.Annul,  dc  Chim.  et  de  Phys.,  tome 
»L,  IS42,  p.  385)  because  they  exhibit  no  sign  of  accuracy. 

Jones  (1.  c.  S.  68)  and  Dumas  and  Cabours  (1.  c.  p.  423)  have  analysed  the 
.rolk  of  eggs,  after  being  frcc<l  from  oil  by  ether,  but  they  obtained  different 


results ; — 

Jones  (C  = 

76.437.) 

Dumas  and  Cahours 

(C  = 

C 

53.72 

53.45 

51.89 

51.31 

H 

7.65 

7.66 

7.07 

7.37 

X 

13.60 

13.34 

15.02 

15.03 

0 

25.13 

25.55 

26.02 

26.29 

There  seems  to  be  no  doubt  that  in  this  case  they  analysed  impure  albumen. 

Such  a difference  of  results,  especially  the  smaller  proportion  of  nitrogen 
found  by  Jones,  made  it  necessary  to  analyse  ritcilin  anew.  This  has  l>eeD  done 
by  von  Baumhauer.  Yolks  of  eggs,  boiled  hard,  were  extracted  with  alcohol 
and  ether.  After  I>eing  dried  at  248'  F.  they  gave — 

O 52.99  52.95 

H 6.93  6.92 

Part  of  this  substance  was  dissolved  in  acetic  acid  ; the  liquid  filtered  clear  and 
precipitated  by  carb.  of  ammonia.  The  precipitate,  after  being  extracted  with 
alcohol  and  ether,  and  dried  at  248*  F.,  gave  by  analy.sis : — 


1st  preparation. 

2d  preparation. 

C 

53.23 

63.56 

53.61 

H 

7.03 

7.12 

7.29 

X 

15.97 

16.09 

16.04 

0 

23.25 

22.75 

s 

0.52 

0.48 

Below  we  shall  see  thatvitellin  is  asulphurctof  bi-oxideof  protein:  C*  N*0“. 
To  the  product  obtained  by  the  latter  method,  which  gives  Titellinfrecfromccllu- 
lar  matter,— not  to  be  obtained  from  hard  boiled  yolks, — alittle  ammonia  seems 
•till  to  adhere,  for  the  proportions  of  hydrogen  and  nitrogen  are  a little  too 
high  (Bchcik.  Onderz.  Deel  II.) 
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in  the  spider  threads  of  autumn.  Tlie  exact  nature  of  these 
compounds,  however,  is  unknown,  as  is  that  of  vegetable  albu- 
men, legumin,  and  coagulated  vegetable  albumen.  Tliis  is  a 
gap  in  our  knowledge  wliich  still  remains  to  be  filled  up  by 
science.  The  physical,  and  some  of  the  chemical,  differences 
which  we  observe  in  all  those  bodies,  may  arise  from  the  pre- 
sence of  very  small  quantities  of  sulphur  and  phosphorus,  and, 
perhaps,  of  other  substances.  We  do  not,  therefore,  regard  all 
these  bodies  as  identical,  any  more  than  we  do  starch  and 
gum,  though  by  analysis  they  give  nearly  the  same  composi- 
tion in  the  hundred  parts.  But  I would  go  further.  Since 
we  learn  from  experiment,  that  several  of  them  contain  dif- 
ferent proportions  of  sulphur  and  pho.sphorus,  we  must  hold 
the  greater  number  of  them  to  be  in  reality  chemically  diffe- 
rent from  each  other.  All  of  them,  however,  without  excep- 
tion, contain  the  same  organic  combination — protein — as  a 
chief  constituent.  This  constituent  pre-exists  in  all  of  them, 
and  thus  enables  the  one  to  be  easily  transformed  into  the 
other. 

It  is  of  great  importance  to  keep  this  in  view,  because 
nature,  by  adding  a little  to,  or  taking  a little  from,  the  same 
primary  material,  produces  several  bodies  apparently  very 
dissimilar.  In  this  we  behold  & simplicity  which  is  highly 
remarkable ; but  small  as  those  quantities  are,  we  find  in  the 
chemical  difference  of  the  substances  added,  the  cause  of  the 
differences  which  exist  in  the  nature  and  quality  of  the  pro- 
ducts. Thus  the  differences  among  the  protein  compounds 
above  mentioned  are  by  no  means  owing  to  polymorphism,  but 
to  a real  chemical  difference  in  their  constitution.  Therefore  it 
still  remains  a problem,  only  to  be  solved  by  exceedingly  labo- 
rious and  carefully  performed  analyses, — in  what  respect,  and 
how  far  those  several  protein-compounds  are  mutually  diffe- 
rent. It  is  for  science  not  only  to  indicate  that  grass  con- 
tains a protein-compound,  from  which  ruminating  animals 
obtain  the  protein-compound  of  which  they  daily  yield  a large 
quantity  in  their  milk  ; but  to  determine  whether  the  pro- 
tein-compound in  grass  contains  sulphur  only,  and  no  phos- 
phorus, like  that  in  piilk  ; whether  or  not  the  proportions  of 
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the  constituents  are  different,  and  if  so,  how  such  differences 
are  produced  in  the  animal  body.  For  it  is  as  necessary  to 
indicate  by  what  cause  the  material  difference  between  casein 
and  albumen  is  produced,  as  it  is  important  to  know  the 
nature  of  that  difference.  Since  it  is  now  a known  and  un- 
disputed fact,  that  protein  is  prepared  for  animals  by  plants, 
these  problems  are  among  the  first  to  be  solved  by  science. 

1 speak  the  more  emphatically  on  this  subject,  because  I 
do  not  believe  that  those  minute  admixtures  of  sulphur  and 
phosphorus  are  of  little  consequence  ; but  on  the  contrary, 
that  those  bodies,  notwithstanding  their  very  minute  quan- 
tity, perform  a very  important  part  in  the  organism.  The 
character  of  the  differences  is  not  determined  by  the  relative 
quantities  of  the  constituents,  but  by  their  presence  or  ab- 
sence. Arseniuretted  hydrogen  (H3  As),  which  is  one  of  the 
most  poisonous  gases,  contains  98.05  per  cent  of  arsenic,  and 
only  1.95  of  hydrogen.  It  is  to  this  small  quantity,  however, 
that  the  peculiar  character  and  gaseous  appearance  of  this 
compound  are  owing. 

It  is  not  yet  known  how  the  sulphur  and  phosphorus  in 
these  compounds  are  combined  with  protein.  It  is  known, 
however,  that  the  combinations  are  constant  It  is  true, 
therefore,  that  in  fibrin,  for  instance,  either  20  equiv.  of  pro- 
tein are  combined  with  a small  portion  of  another  sub- 
stance, containing  1 equiv.  of  phosphorus,  and  2 equiv.  of  sul- 
phur, (which  substance  in  the  ultimate  analysis  of  fibrin 
escapes  our  attention,)  or  one  of  phosphorus  and  one  of  sul- 
phur, are  really  combined  with  10  equiv.  of  protein.  Either 
of  these  suppositions  is  equally  a deviation  from  what  we 
usually  perceive  in  the  greater  part  of  inorganic  combina- 
tions, and  therefore,  we  are  at  present  entitled  to  assume  that 
the  simpler  of  the  two  is  the  true  one, — that  is,  that  phos- 
phorus and  sulphur  (S  Ph)  are  really  combined  with  10  equiv. 
of  protein.  Protein,  however,  is  not  peculiar  in  this  respect. 
One  equivalent  of  alum,  for  instance,  contains  24  equiv.  of 
water  of  crystallisation. 

We  cannot  as  yet  put  the  question,  whether  protein  is 
first  formed,  and  is  then  combined  with  phosphortis  and  sul- 
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jihur,  or  whether  its  constituents  separately  combine  with 
phospliorus  and  sulphur.  Like  ainygdalin,  protein  is  a com- 
plex body,  consisting  of  several  others ; and  therefore  it  is 
probable,  that  such  a division  of  phosphorus  and  sulphur 
among  its  constituents  does  take  place.  It  is  certain,  how- 
ever, first,  that  protein  can  exist  without  sulphur  and  phos- 
phorus; secondly,  that  there  are  some  combinations,  in  which 
10  equivalents  of  protein  combine  with  one  equiv.  of  phos- 
phorus, and  one  of  sulphur  (Ph  S)  ; others,  in  which  they 
combine  with  one  of  phosphorus,  and  two  of  sulphur  (Ph  S2); 
others  again,  in  which  10  and  15  equivalents  of  protein  com- 
bine with  one  of  sulj)hur  (S).  As  far  as  they  are  yet  known, 
these  compounds  arc  as  follows  : — 


Crystalline,  ... 

15  protein  -f  S 

Casein, 

10  — 

+ s 

Glutin, 

10  — 

+ S2 

Fibrin, 

10  — 

-h  S Ph 

Albumen  from  eggs. 
Albumen  from  scrum  of 

10  — 

-h  S Ph 

the  blood, 

10  — 

+ S2Ph 

These  compounds  of  protein  with  sulphur  and  phosphorus, 
or  with  sulphur  alone,  form  interesting  combinations  with 
acids,  bases,  and  salts.  Protein  itself  combines  with  oxygen. 
Two  of  these  compounds  are  knowi;  one  of  them  is  prepared 
from  chlorite  of  protein,  by  the  action  of  ammonia,  by  which 
sal  ammoniac  is  produced,  and  a substance  called  tri-oxide  of 
protein  is  at  the  same  time  formed.  It  can  also  be  obtained 
by  boiling  fibrin  and  albumen  in  water.  It  is  a chief  consti- 
tuent of  inflammatory  crusts.  A small  quantity  of  it  always 
exists  in  the  blood,  and  it  is  produced  in  the  lungs.  Its  for- 
mula is  N5  QlS. 

The  other  may  be  obtained  by  dissolving  hair  in  potash,  and 
precipitating  by  an  acid.  The  first  substance  precipitated  is 
protein  ; the  second,  bi-oxide  of  protein,  0'^. 

The  2 equivalents  of  sulphur  in  the  hair,  combine  wdth 
the  potassium  of  the  potash-solution,  in  which  the  hair  is  di- 
gested, and  thus  2 equivalents  of  oxygen  are  set  free,  which 
combine  with  the  protein,  and  change  0'2  into  f)’'*,  all  the 
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other  constituents  remaining  unchanged.  By  precipitating 
this  bi-oxide  of  protein  from  the  sulphuretted  alkaline  solu- 
tion. sulphuretted  hydrogen  is  disengaged,  water  at  the 
same  time  b^ing  decomposed — two  of  hydrogen  (H2)  com- 
bining with  two  of  sulphur  (S'^),  and  two  of  oxygen  (0^)  with 
two  of  potassium  (Ka^)  ; so  that  from  2 (Ka  S)  and  2 (H  0), 
2 (H  S)  and  2 (Ka  0)  are  produced.  (See  below.) 

These  compounds  of  protein  and  oxygen  are  important  sub- 
stances. In  the  animal  body  they  may  by  turns  either  be  pro- 
duced or  decomposed.  Scheerer*  remarked,  that  moist  hbrin, 
when  exposed  to  oxygen  gas,  absorbed  more  oxygen  than  it 
evolved  of  carbonic  acid.  In  this  case  a compound  of  pro- 
tein and  oxygen  may  therefore  have  been  produced.  This 
has  indeed  recently  been  confirmed.  When  fibrin  is  boiled 
in  water,  bl-oxide  of  protein  is  left  undissolved,  and  trl-oxide 
of  protein  is  dissolved  by  the  water.  (See  below.) 

The  composition  of  chlorite  of  protein  obtained  from  albu- 
men, kc. — on  passing  chlorine  through  the  liquid,  by  which 
water  is  decomposed — (O'*®  IPi  -f-  Cl  0^),  is  so  con- 

stant, that  we  can  accurately  calculate  the  atomic  weight  of 
protein  from  it.  It  gives  us  exactly  the  same  result  as  sul- 
pho-proteic  acid.  This  combination  does  not  exist  in  the 
body,  but  the  knowledge  of  it  is  of  importance  in  the  art  of 
bleaching,  in  the  disinfecting  of  animal  substances,  in  the 
use  of  chlorine  in  surgery,  &c. 

From  the  existence  of  an  analogous  gelatine-compound,  we 
can  have  no  doflbt  that  this  chlorite  is  really  chlorite  of  pro- 
tein, and  not  a chloride  of  trl-oxide  of  protein. 

The  combinations  of  sulpho-phospho-protein  (fibrin,  albu- 
men) and  of  sulpho-protein  (casein)  with  alkalies,  acids,  and 
salts,  are  especially  remarkable.  Protein  is  soluble  in  weak 
alkalies.  Since,  therefore,  the  serum  of  the  blood  is  always 
slightly  alkaline, — being  a proteate  of  soda  (with  sulphur  and 
phosphorus), — it  keeps  the  sulpho-phospho-protein  in  solution. 
This  property  is  the  cause  of  the  blood  remaining  in  a liquid 
slate — a chief  requisite  for  animal  life. 

If  a weak  alkaline  solution  of  protein  is  neutralised  by 

-\nnalcn  der  Chemie  and  Pliarmacie,  Bd.  xl.  S.  13. 
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an  acid,  the  solubility  of  sulpho-phospbo-protein  is  greatly 
diminished ; a fact  which  throws  light  upon  the  medical  pro- 
perties of  some  acids.  The  sulphuric  and  phosphoric  acids, 
for  example,  possess  the  property  of  stanching  blood.  Acetic 
acid,  on  the  contrary,  by  which  protein  is  readily  dissolved, 
is  destitute  of  that  property.  By  very  diluted  hydrochloric 
acid,  and  also  by  acetic  acid,  fibrin  is  easily  dissolved ; the 
former  is  present  in  the  chyle,  the  latter  renders  meat  tender, 
and  assists  digestion.  If  solid  protein-compounds,  viz.,  fibrin 
and  albumen,  are  kept  for  some  time  in  exceedingly  diluted 
hydrochloric  acid — 1 part  in  2000  parts  of  water,  for  in- 
stance— they  are  completely  dissolved,  the  presence  of  no 
other  substance  being  requisite.  This  property  throws  much 
light  on  the  function  of  the  free  hydrochloric  acid  in  the 
chyle  (Bouchardat).  • 

Some  acids  form  chemical  compounds  with  sulpho-phos- 
pho-protein.  Of  sulphuric  and  hydrochloric  acid,  for  in- 
stance, large  quantities  combine  with  it,  and  produce,  in 
certain  circumstances,  less  soluble  compounda  For  this  rea- 
son, they  are  very  effective  medicines  in  putrid  fevers,  scurvj*, 
&c.  These  compounds  are — 

(C40  H81  N5  012)  + s 08. 

2 (CIO  H81  N5  012)  -p  2 HO  -I-  S 03. 

2 (C<o  H31  N6  012)  -p  2 HO  -1-  H Cl.  t 

* 3ec  Schelkundige  Onderzoekingen,  Deel  I.,  p.  576. 
p Bulletin,  1889,  p.  21. 


Bi-snlpho-protcic  acid. 


Found. 

Atoma. 

Calculated. 

c 

61.61 

80 

61.87 

H 

6.76 

64 

6.78 

N 

10 

16.02 

0 

26 

22.06 

SO«  4.17 

Bi;hydrochluro-proteic  acid. 

1 

4.26 

Found 

Atom!. 

Calculated 

C 

61.49 

80 

52.09 

H 

6.80 

64 

6.81 

N 

10 

18.08 

0 

26 

22.14 

H Cl 

3.80 

1 

3.88 

Hoili  have  licen  prepared  by  dwolring  coagulated  albumen  in  acetic  acid,  i<W 
ing  either  aidphiirie  or  hydrochloric  acid,  and  waahing  the  preclpiUle  »itl 
alcohol. 
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It  has  been  demonstrated  by  Hruschauer,  that  the  two  lat- 
ter combinations,  if  allowed  to  remain  under  water  for  six 
weeks,  lose  all  their  acid,  if  prepared  from  uncoagulated,  but 
not  if  prepared  from  coagulated  albumen.  * 

Finally,  sulpho-phospho-protein  combines  with  some  basic 
salts.  The  combination  of  this  kind,  which  is  found  in 
casein,  is  particularly  remarkable.  It  contains  phosphate  of 
lime,  in  the  state  of  bone-earth,  3 Ph  0®  -J-  8 Ca  0, — a salt 
which  probably  also  occurs  in  fibrin  and  albumen  (at  all 
events  a phosphate  of  lime  does),  and  through  these  is  sup- 
plied to  the  bones. 't*  In  casein  (and  also  in  milk)  it  exists  in 
large  quantity,  and  serves  to  supply,  in  a short  time,  much 
bony  matter  to  the  tender  bones  of  young  animala  Metallic 
salts  and  oxides,  introduced  into  the  body  either  as  medicines 
or  as  poisons,  can  also  combine  with  the  protein-compounds 
and  produce  a variety  of  proteates  (with  sulphur  and  phospho- 
rus), which  must  necessarily  have  peculiar  effects  in  the  body. 
The  greater  part  of  those  combinations  arc  insoluble,  and  so 
tend  to  check  the  incessant  chemical  change  of  materials  in 
the  organism.  From  this  cause,  peculiar  conditions  of  the 
body  must  arise,  which  are  noxious  to  life,  if  they  are  ex- 
cited to  a high  degree  For  this  reason — though  not  for  this 
reason  only — salts  of  silver,  lead,  mercury,  copper,  &a,  are 
poisonous,  if  a large  quantity  of  them  be  introduced  into  the 
body. 

Protein  is  a complex  substance,  that  is,  it  consists  of  seve- 
ral heterogeneous  organic  compounds,  united  into  one  whole. 
Acted  upon,  therefore,  by  strong  re-agents,  it  produces  a va- 
riety of  substancea 

If  a protein-compound  be  brought  into  contact  with  an  al- 
kali, ammonia  is  immediately  disengaged.  The  alkaline  solu- 
tion can  hardly  be  made  weak  enough  to  prevent  the  disen- 
gagement of  ammonia.  If  either  fibrin  or  coagulated  albu- 

' Annilen  dcr  Chemie  nnd  Ph&rmacie,  Bd.  zlvi.  S.  348. 

f It  was  Berzelius  who  first  determined  the  composition  of  the  phosphate  of 
lime  of  bones  to  be  such  as  is  represented  by  the  formula  in  the  text.  The 
•ame  chemist,  however,  has  lately  thrown  a doubt  upon  bis  former  conclusion, 
ud  thinks  it  not  improbable  that  as  it  exists  in  bones,  it  may  have  the  com- 
position represented  by  8 Ca  0 + P O’,  a formula,  which,  for  other  reasons,  is 
the  more  probable  of  the  two. — J. 
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men  be  dissolved  in  u weak  potash  ley,  ammonia  is  always 
perceptible.  This  is  a property  of  the  highest  importance, 
in  connection  with  the  alkaline  nature  of  the  blood.  It 
explains  a chief  characteristic  of  protein  in  the  animal 
body,  namely,  that  it  is  in  a state  of  continual  decompo- 
sition. 

If  either  albumen,  or  any  other  protein-comjKmnd,  is  boiled 
with  potash,  it  is  completely  decomposed.  The  products  of 
this  decomposition  are  certainly  not  all  actual  constituents 
of  protein,  but  some  of  them  must  undoubtedly  be  consi- 


dered 

as  such.  They  are  the  following : 

C 

H 

N 

0 

2 

equiv.  of  leucin,  ... 

..  24 

24 

■ 2 

8 

2 

— of  protid,  ... 

..  26 

18 

2 

8 

2 

— of  erythroprotid. 

26 

16 

2 

10 

4 

— of  ammonia. 

..  0 

12 

4 

0 

2 

— of  carbonic  acid, 

2 

0 

0 

4 

1 

— of  formic  acid,  . 

2 

1 

0 

3 

2 

equiv.  of  protein,  + 9 ) 
equiv.  of  water  ...  j 

= C80 

Nio 

0*3 

Leucin 

i is  a crystalline  substance  which 

can 

also  be  obtain- 

ed  from  gelatine,  and  thus  indicates  a connexion  between  the 
composition  of  protein  and  substances  which  produce  glue.* 
It  may  be  obtained,  under  very  different  circumstances,  either 
with  or  without  gelatine-sugar,  from  fibrin,  albumen,  casein, 
gelatine.  From  rotting  cheese,  for  instance,  and  by  boiling 
albumen,  fibrin,  and  casein,  with  potash,  nothing  but  leucin 
is  produced.  Gelatine-sugar  is  procured  by  treating  glue  with 
sulphuric  acid ; and  a mixture  of  both  is  obtained  by  treat- 
ing meat  with  either  sulphuric  acid  or  with  potash,  or  by 
treating  glue  with  potash.  Leucin  and  gelntine-sugar,+  there- 

* Bulletin,  1838,  p.  145. 

The  compoaition  of  leucin  is — 


C 

56.64 

56.53 

Atoms. 

12 

Calculated. 

55.79 

H 

9.30 

9.32 

12 

9.11 

N 

10.61 

10.61 

1 

10.77 

0 

24.65 

24.T4 

4 

24.31 

-f  See  the  note  at  page  233. 
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fore,  are  nearly  allied  substances,  as  to  their  origin.  Leucin 
may  be  considered  as  a constituent  part  of  protein. 

The  two  other  compounds,  protid  and  erythroprotid  (the 
latter  of  which  is  of  a red  colour),  are  extractive  substance.s, 
and  closely  related  to  gelatine.* 

As  to  the  three  remaining  products  of  decomposition  from 
protein  by  potash,  the  two  acids  combine  with  the  potash, 
and  the  ammonia  is  disengaged. 

This  decomposition  of  protein  by  alkalies  cannot  explain 
any  phenomenon  in  the  living  organism,  until  it  has  been  de- 
monstrated either  that  leucin  exists  in  the  animal  body,  or 
that  it  is  employed  in  some  secretion.  The  analogy,  however, 
that  exists  between  the  two  extractive  compounds  and  gela- 
tine, deserves  particular  attention,  and  renders  it  probable 
that  if  the  animal  cellular  tissue  is  produced  from  protein,  a 
change  is  effected  similar  to  that  which  takes  place  under  the 
influence  of  alkalies.  We  shall  treat  of  this  subject  more  fully 
when  we  come  to  speak  of  the  cellular  tissue  in  animals. 

We  have  still  to  consider  in  what  form  protein  exists  in  the 
animal  body.  Since  it  is  supplied  to  animals  by  plants,  and 
always  in  combination  with  sulphur  and  phosphorus,  or  with 
these  and  phosphate  of  lime,  vegetable  food  is  never  pure 
protein  any  more  than  animal  food.  Our  almost  total  igno- 
rance of  the  quantities  of  sulphur  and  phosphorus,  which 
are  present  in  the  protein-compounds  of  plants,  is  a great  dis- 
adTantage,  and  so  long  as  it  continues,  we  can  say  nothing 
certain  as  to  the  production  of  animal  protein-compounds 
from  those  of  plants,  but  that  the  protein  of  vegetable  food 
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ever,  of  albumen  in  the  serum  of  the  blood,  of  fibrin,  casein. 
&a,  requires  a fuller  explanation,  since  those  protein-com- 
pounds do  not  probably  occur  in  that  state  in  plants. 

We  are  acquainted  with  different  kinds  of  protein-com- 
pounds in  the  animal  body — in  combination,  for  example, 
with  sulphur ; with  sulphur  and  phosphorus ; with  sulphur, 
phosphorus,  and  alkalies;  with  sulphur  and  phosphate  of 
lime ; and  lastly,  with  oxygen. 

The  sehim  of  the  blood  holds  in  solution  a compound  of 
sulphur,  phosphorus,  and  protein,  which  has  very  much  the 
same  properties  as  vegetable  albumen  and  the  albumen  of 
It  is  in  this  form  chiefly,  that  protein  is  frequently  found  in  the 
animal  body.  It  is  called  albumen.  In  every  organ,  in  every 
liquid  (being  not  a secretion)  which  is  analysed,  this  substance 
is  always  found.  If,  for  instance,  an  organ,  cut  to  small  pieces, 
(a  piece  of  the  liver,  kidney,  or  lung,)  is  kneaded  with  water, 
albumen,  coagulable  by  heat,  is  obtained.  It  is  found  in  the 
lymph  of  the  lymphatic  vessels,  in  perspired  serum,  in  chyle, 
in  pua  It  is  still  unknown,  whether  in  all  these  sorts  of 
albumen  the  same  substance  represented  by — 

10  (C«H3i  N«012)  + PhS2 

be  always  existing.  It  is  not  even  probable  that  this  is  the 
casa 

A large  quantity  of  a substance,  similar  to  albumen,  is 
found  in  the  brain,  spinal  marrow,  and  nerves.  It  is,  how- 
ever, somewhat  more  solid,  so  that,  being  less  easily  soluble 
in  cold  water,  it  seems  to  bear  more  resemblance  to  the  insolu- 
ble albumen  of  oily  seeds  When  a portion  of  brain  is  rubbed 
with  water,  an  emulsion,  similar  to  that  of  oily  seeds,  is  ob- 
tained. Neither  is  the  composition  of  this  brain-protein- 
compound  known.  It  may  be  sufficient  to  class  them  all 
under  the  name  of  albumen,  till  we  shall  have  learned  more 
of  their  nature. 

Slight  differences  in  the  proportion  either  of  sulphur  or  of 
phosphorus,  produce  a considerable  difference  in  the  nature 
of  the  protein-compound.  Jlence  casein  and  fibrin  do  really 
differ  as  much  from  the  albumen  of  the  serum,  as  these 
albuminous  bodies  which  arc  coagulable  by  heat,  differ  frt>m 
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each  other.  They  cannot,  therefore,  be  considered  as  iden- 
tiod. 

In  milk,  along  with  the  fats,  there  exists  a compound  of 
protein  with  sulphur,  free  from  phosphorus.  This  compound 
is  casein,  which  has  the  peculiar  property  of  being  precipitated 
from  its  solution  in  water  by  rennet  and  by  the  acids,  especi- 
afly  by  the  lactic  acid. 

Casein  has  been  found  in  several  other  animal  liquids,  for 
instance,  in  the  saliva,  the  gall,  the  pancreatic  juice,  the 
crystalline  lens,  pus,  the  matter  from  tubercles,  and  what  is 
of  most  importance,  in  the  blood.  As,  however,  all  the  ac- 
counts of  its  existence  in  the  blood  are  based  only  on  the  dis- 
covery of  its  properties,  and  not  on  analyses,  entire  dependence 
cannot  be  placed  upon  them.  1 1 would,  however,  not  be  strange, 
if  casein  really  existed  in  blood ; for  it  may  easily  be  produced 
either  from  the  albumen,  or  from  the  fibrin  contained  in  the 
serum, — it  being  only  necessary  to  withdraw  the  phosphorua 
When,  therefore,  casein  is  secreted  from  the  blood,  in  the  pro- 
duction of  milk,  nothing  else  takes  place  but  the  retention 
of  phosphorus. 

This  is  also  the  case  in  the  formation  of  crystalline,  which 
in  like  manner  contains  no  phosphorus,  and  less  sulphur  than 
fibrin, — much  less  than  the  albumen  in  the  serum.  All  these 
substances,  and  perhaps  the  whole  series  of  albuminous  bodies 
in  the  brain,  liver,  kidneys,  &c.,  are  produced  either  from 
the  albumen,  or  from  the  fibrin  in  the  blood,  by  a very  slight 
change  in  the  proportions  of  sulphur  and  phosphorus. 

With  regard  to  the  fibrin  in  the  blood,  we  have  first  to  re- 
mark, that  it  does  not  exist  in  that  fluid  in  its  fibroiu  state.  It 
constitutes  the  fibres  of  the  muscles,  the  chemical  composition 
of  which  is  known  to  be  that  of  a protein-compound,  though 
we  are  not  yet  perfectly  acquainted  with  its  nature.  Since 
the  properties  of  this  muscular  fibrin  agree  with  those  of  the 
fibrin  in  blood,  we  are  induced  to  suppose  that  they  are  che- 
mically identical. 

We  know  that  fibrin  appears  in  the  blood  when  it  coagu- 
lates. After  this  coagulation  the  blood  contains  thread- 
shaped bodies,  which  were  not  to  be  found  in  it  before.  Fi- 
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brin  is  said  to  be  dissohed  in  blood.  This  expression,  how- 
ever, cannot  be  taken  literally.  It  is  more  likely  that  fibrin 
exists  in  the  blood  in  a seml-iluid  state. 

We  shall  recur  to  this  hereafter,  when  speaking  of  blood. 
It  may  be  suflRcient  here  to  remark,  that  fibrin  does  not  exist 
in  blood  in  the  form  of  little  threads,  but  by  its  coagulation 
becomes  a jelly,  which  unites  into  small  threads  during  the 
washing  out  of  the  blood.  This  alone  makes  it  improbable  that 
fibrin  is  dissolved  in  the  blood.  Its  particles  must  be  entirely 
isolated  from  the  dissolved  albumen  in  the  circulating  blood, 
as  there  is  a difference  between  them,  of  1 equivalent  of  sul- 
phur in  every  10  equivalents  of  protein. 

The  blood  contains  a third  protein-compound  still, — that 
which  constitutes  the  cellular  film  of  the  globules  in  the 
blood.  For  this  reason  it  is  called  fflohulin.  Simon  thinks  it 
is  casein.  It  is  unquestionably  a protein-compound;*  but 
its  real  composition  is  not  yet  known.  Neither  do  wc  know 
the  nature  of  the  substance  which  is  found  in  the  centre  of 
the  blood-globules,  nor  that  of  the  liquid,  which,  along  with 
the  colouring  matter,  is  enclosed  within  the  film. 

All  these  compounds  of  pro.tein  in  the  animal  body  con- 
tain different  quantities  of  phosphate  of  lime.  The  same 
substance,  taken  from  different  animals,  contains  also  different 
proportions  of  this  salt. 

Two  other  very  important  protein-comjKmnds,  occur  in 
the  bodies  of  animals,  namely,  the  hi  and  tri-oxides  of  proteia 

They  both  exist,  to  a large  extent,  in  inflamed  blood. 
They  are  produced  during  respiration,  and  are  ordinary  con- 
stituents of  blood.  The  latter  is  soluble  in  water,  the  former 
is  not.  They  are  both  produced  by  oxidation,  when  fibrin  is 
Iwiled  in  water.  The  tritoxide  is  also  fonned,  when  albumen 
is  boiled,  and  is  a product  of  the  decomposition  of  the  chlorite 
of  proteiu'f'  (see  p.  304)  ; the  bi-oxide  can  lie  obtained  from 
hair  by  the  action  of  an  alkali. 

Both,  as  1 have  said,  are  found  in  the  blood,  being  constitu- 

• nuUctin,  18.W,  p.  8t. 

+ Balletin,  1839,  p.  404,  ami  Soheikumlige  Onderzockingcn,  Peel  1.,  p.  239 
ami  550 : — 
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ents  of  the  healthy  organism.  In  it,  upon  every  respiration,  a 
small  quantity  of  them  is  produced,  and  they  probably  form 
round  the  blood-globules  a thin  layer,  which  has  the  same 
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L was  obtained  by  boiling  fibrin  in  water;  it  then  remains  behind  Insoluble. 
IL  is  the  albuminoee  of  Bouebardat  (Comptes  Rendna,  20  Juin,  1842). 
Von  Baumhauer,  in  Scbeiknnd.  Onderzoek.,  Heel  I.,  p.  668. 

HI.  was  obtained  from  hair,  by  dissolving  it  in  potash.  If  a little  acid  is 
first  added,  the  protein  is  precipitated ; and  by  then  adding  a large  excess  of 
arid,  binoxide  of  protein  is  obtained  (see  Sebeikund.  Onderz.,  Deel  I.,  p.  167). 
The  composition  of  protein  from  hair  is  as  follows : — 
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composition  as  the  inflammatory  crust.  We  shall  explain  this 
more  fully  when  treating  of  the  colouring  matter  of  blood. 

They  are  produced  by  the  oxidation  of  the  substance,  which, 
during  the  coagulation  of  blood,  is  changed  into  fibrin.  This 
protein-compound  absorbs  oxygen  in  the  lungs,  and  circulates 
through  the  arteries  in  the  state  of  the  two  oxides  of  protein. 
They  are  decomposed  in  the  capillary  system,  and  are  employ- 
ed in  effecting  the  necessary  changes  in  the  substance  of  the 
body.  If  too  large  a quantity  of  these  oxides  be  present,  in- 
flammation ensues. 

Tritoxide  of  protein  is  contained  in  pus ; it  is  called  Pyine 
by  some ; binoxide  of  protein  constitutes  some  tissues,  which 
we  shall  afterwards  describe.  Vitellin  we  have  recognised 
(p.  301,  note)  as  bi-oxide  of  protein. 

It  cannot  be  stated  with  certainty,  in  what  way  and  under 
what  circumstances  protein  is  prepared  by  plants.  When 
examining  mould-plants  of  the  lowest  formation,  I always 
found  protein  present  in  them ; this  was,  as  we  shall  after- 
wards see,  produced  from  substances  containing  no  nitrogen, 
when  dissolved  in  water,  and  exposed  to  pure  atmospheric  air. 
In  the  very  youngest  radical  fibres  of  plants,  protein  is  pre- 
sent. Thus,  together  with  dextrin  and  cellulose,  it  is  among 
the  substances  first  produced  by  plants.  No  organisation  in  the 
vegetable  kingdom  seems  to  be  possible  without  the  aid  of 
protein.  It  gives  activity  to  the  cellular-membrane,  and, 
though  this  membrane  can  be  freed  from  protein  by  alkalies, 
it  is  nevertheless  a component  part  of  all  new  cells  in  planta 

As  it  is  certain,  therefore,  that  dextrin,  cellulose,  and  pro- 
tein, are  all  directly  produced  from  the  substances  by  which 
plants  are  fed,  so  it  is  probable  that  the  whole  of  the  pro- 
tein present  in  the  plant,  is  produced  at  the  very  extremities 
of  the  radical  fibres.  Hence  the  reason  why  (in  a soluble 
state)  it  can  penetrate  along  with  dextrin  through  the  cells 
already  produced  to  form  elsewhere  new  cells,  which  are  a 
combination  of  cellulose  and  protein,  in  what  seems  a definite 
proportion  ; or  after  having  been  deposited  here  or  there  in 
a solid  form,  it  may  be  rendered  soluble  by  other  substances 
such  as  have  already  been  mentioned  (p.  287),  aud  thus  trans- 
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ferred  to  some  other  place.  We  draw  this  inference,  because 
to  manj  plants  a small  quantity  of  protein  is  sufficient,  though 
it  is  indispensable  to  the  formation  of  erery  new  series  of 
cells  If  we  consider  how  large  a proportion  of  it  is  present 
in  young  cells,  and  how  small  a proportion  in  such  as  are 
old,  it  will  appear  that  the  same  quantity  of  protein  must  be 
employed  in  the  same  plant  for  an  infinite  variety  of  dif- 
ferent purposes,  being  produced  at  the  extremities  of  the 
roots,  deposited  at  one  place,  and  thence  again  taken  up,  and 
transferred  elsewhere. 

It  may  also  be  assumed,  that  this  protein  is  seldom  entirely 
consumed  in  plants.  It  appears,  however,  that  it  is  employed 
in  the  formation  of  the  vegetable  alkalies  and  other  nitro- 
genous bodies  in  some  natural  families;  while  in  others,  chlo- 
rophyle,  indigo-matter,  &c.  are,  no  doubt,  produced  from  it 

Fibroin. 

If  either  silk  or  the  threads  of  the  autumn  spider  (gossa- 
mer threads)  are  boiled  with  water,  and  then  with  strong 
acetic  acid,  till  the  whole  of  the  gelatine  and  albumen  arc 
dissolved,  small  brittle  threads  are  left,  entirely  different  from 
the  protein- compounds  known  to  exist  in  animals  of  the 
higher  classes.  These  threads  have  the  following  properties: 
—they  have  lost  almost  all  their  cohesion,  are  soluble  in  strong 
sulphuric  acid,  are  precipitated  from  the  diluted  acid  by  an 
infusion  of  galls,  and  are  soluble  in  nitric  and  hydrochloric 
acids ; they  are  not  acted  upon  either  by  acetic  acid  or  by 
ammonia,  but  they  are  taken  up  by  potash,  and  at  the  same 
time  decomposed  into  different  substances.  Their  composi- 
tion is — 

C39H31  N0O17  = 3(Ci3Hi0N2OS)  -I-  HO  -hO* 
that  is,  3 equivalents  of  gelatine  with  one  of  water,  and  one 
of  oxygen. 

* Nsluar^;!!  Scbeikundig.  Archief.,  D.  III.  p.  93;  D.  V.  p.  281. 
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It  is  very  remarkable  that  sponge  has  exactly  the  same 
composition  and  properties  as  this  fibroin  from  silk,  except 
that  it  is  combined  with  sulphur,  iodine,  and  phosphorus 
According  to  the  analysis  of  Croockewit,  sponge  consists  of 
fibroin  combined  with  sulphur,  iodine,  and  phosphorus.  It 
is  represented  by 

C780  H620  N120  0340  ^ J S3  Ph® 

= 20  (C8B  H31  N6  017)  + I S3  Ph5 
that  is,  20  of  fibroin  combined  with  1 of  iodine,  3 of  sulphur, 
and  5 of  phosphorus,  in  the  same  manner  as  protein  combines 
with  sulphur  and  phosphorus,  to  form  fibrin,  albumen,  &c. 

This  substance  secreted  in  the  shape  of  threads,  which  we 
know  to  form  the  inner  part  of  gossamer  threads  and  silk,  is 
probably  to  be  reckoned  amongthe  more  important  constituents 
of  the  body  among  the  lower  animala  Perhaps  it  takes  there 
the  place  of  the  fibrin  in  the  blood  of  the  higher  animala  We 
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Thus  it  is  verj'  likely  that  20  equir.  of  fibroin,  i.  e.  the  aubaUnoc  which  roa- 
■titutes  the  inner  part  of  the  silk  thread,  arc  combined  with  one  of  iodina, 
three  of  sulphur,  and  fire  of  phosphorus. 
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have  still,  however,  but  a very  limited  acquaintance  with  this 
sobstance,  because  we  only  know  it  as  a secretion  ; and  as  re- 
gards the  sponge,  an  animal  of  the  very  lowest  order,  it  stands 
too  entirely  alone  to  afford  any  ground  for  a general  conclusion. 
We  therefore  mention  the  fibroin  only  in  passing.  In  order, 
however,  to  become  acquainted  with  the  transformations  of 
substances  in  the  animal  body,  we  ought  especially  to  investi- 
gate the  constituents  of  the  simply  organized  animals.  We 
know  almost  nothing  as  yet  of  the  chemical  substances  con- 
tained in  insects,  though  that  order  of  animals,  from  its  pecu- 
liar characters,  is  of  more  imjwrtance  than  many  of  the  others. 

It  remains  to  be  decided  by  future  investigations,  whether 
the  connection  between  fibroin  and  gelatine,  indicated  by  one 
of  the  preceding  formulte,  really  e.xists. 

Gelatinous  Substatice — Gelatine,  Chondrin. 

Among  the  component  parts  of  organized  nature,  none  oc- 
curs more  frequently  than  the  cell.  It  is  the  base  of  all 
the  distinguishable  forms  of  organized  bodies.  Nature,  by 
subjecting  it  to  innumerable  modifications,  produces  all  the 
variety  exhibited  by  plants  and  animals  in  the  external  form, 
in  the  structure,  and  hence,  also,  in  the  functions  of  their 
organs. 

In  the  formation  of  these  cells  in  plants,  as  well  as  the  parts 
derived  from  them,  nature  employs  one  general  material, 
Q21  (cellulose).  Although  in  this  substance  others  are 
deposited  by  which  the  nature  of  the  cell  is  altered,  yet  this 
single  substance, — cellulose,  or  woody  fibre, — is  employed  as 
the  material,  in  combination  with  a little  protein,  out  of 
which  the  cells  of  plants  are  formed. 

This  is  almost  equally  the  case  as  regards  animals,  though 
lx)th  the  elementary  form  of  the  tissue  and  its  chemical  cha- 
racters are  different  In  animals,  we  must  distinguish  be- 
tween the  permanent  and  the  primary  cellular  substance.  It 
is  probable  that  the  primary  has  various  characters,  those  of 
the  permanent  being  universal.  In  different  organs  the  primary 
varies,  and  is  gradually  supplanted  by  the  general  or  jiermanent 
.substance  In  which  other  substances  will  be  afterwards  de- 
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posited,  in  such  a way  as  to  obliterate  entirely  its  cellular 
form. 

For  this  general  permanent  substance,  therefore,  we  have 
to  look  in  animals  and  in  organs  which  are  fully  developed. 
In  the  higher  animals  it  constitutes  by  weight  the  larger  pro- 
portion of  the  animal  substance.  It  is  a secondar}’  product,  and 
thus  differs  from  the  cellular  substance  in  plants,  which  is  a 
primary  one ; neither  has  it  a real  cellular  shape  like  the 
latter.  It  has,  however,  several  points  of  resemblance  to  it, 
especially  in  regard  to  the  large  proportion  in  which  it  exists 
in  the  body,  and  to  the  several  functions  which  it  performs. 

Hence,  also,  a great  many  animal  substances,  when  analysed, 
are  found  to  consist  of  nearly  the  same  constituents.  This 
general  animal  substance  is  so  universally  diffused  through  the 
body,  that  it  would  exhibit  the  entire  shape  of  the  body,  and 
of  its  principal  parts,  though  all  the  other  substances  were  se- 
parated. It  constitutes  the  skin,  the  serous  membranes,  the 
ligaments  of  the  muscular  fibres,  the  organic  part  of  the  bones, 
and  many  other  substances.  (See  Ligamentary  Titme.) 

As  yet,  few  of  the  properties  of  this  substance  are  known. 
It  is  insoluble  in  cold  water  ; acetic  acid  renders  it  transparent 
and  bulky ; tannic  acid  renders  it  solid,  and  preserves  it  from 
putrefaction, — and  it  produces  a jelly  by  boiling.  Attention 
was  at  first  directed  especially  to  the  latter  property,  and 
hence  the  substance  received  the  name  of  gelatine. 

Every  substance  from  which  a jelly  is  procured  by  boiling, 
however,  does  not  consist  of  the  same  animal  tissue.  There 
are,  on  the  contrary,  many  dissimilar  tissues,  which  are 
changed  into  a jelly  by  boiling. 

The  chief  mass  of  the  tissues,  which  produces  a jelly  on 
boiling, — that  general  substance,  the  use  of  which  is  analo- 
gous to  that  of  cellulose, — we  would  call  gdatine. 

When  boiled  in  water,  nearly  the  whole  of  this  substance  be- 
comes soluble  in  water.  An  air-bladder,  for  instance,  when 
repeatedly  boiled  with  water,  leaves,  according  to  the  experi- 
ments of  Cop,  only  1.7  per  cent  of  insoluble  vascular  coats.* 

The  same  is  the  case  with  every  other  substance,  con- 


* Schcikiind.  Omicrzock.,  Deol  I.  p.  67, 
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sibling  of  ligamentury  tissue;  and  thus  these  bodies  may  be 
considered,  in  a chemical  point  of  view,  as  formed  of  gela- 
tinous matter  ; in  other  words,  of  matter  which  is  changed 
almost  entirely  into  gelatine  by  boiling.  During  that  pro- 
cess, its  composition  remains  unaltered.  For  when  any 
serous  membrane  is  analysed  by  means  of  combustion, 
nearly  the  same  composition  in  the  hundred  parts  is  ob- 
tained, as  when  the  gelatine  or  jelly,  produced  from  this 
membrane  by  boiling,  is  submitted  to  analysis.  The  same 
holds  good  with  regard  to  the  skin, — to  the  ligamentary 
tissue,  -which  unites  the  skin  with  the  subjacent  parts,  and 
in  which  the  fat  is  commonly  deposited — to  the  ligaments 
of  the  muscular  fibres,  the  substance  in  the  bones  by  which 
the  salts  are  taken  up,  and  many  other  parts  of  the  body, 
which  we  shall  afterwards  mention,  when  treating  of  the 
tissuea 

The  gelatinous  substance  in  all  those  parts  is  insoluble  in 
cold  water,  and  by  boiling  is  merely  physically  altered, 
without  undergoing  any  chemical  change.  During  the  boil- 
ing nothing  is  either  taken  up  or  separated.  In  this  instance, 
then,  we  observe  an  alteration  analogous  to  that  of  starch, 
when  changed  by  heat  and  water  into  starch-mucilage.  It  is 
possible,  that  by  this  process  the  atomic  weight  of  the  sub- 
stance may  be  altered  by  a polymeric  transformation. 

There  exists,  however,  a secreted  gelatinous  matter,  namely, 
that  in  silk  and  gossamer  threads,  which  is  soluble  in  cold 
water.  It  was  formerly  called  gum  by  Hoard,  and  the  process 
of  separating  the  silk  from  this  gelatinous  envelope  has  long 
been  called  the  un-gumming.  This,  so  far  as  we  know,  is  the 
only  instance  of  a gelatinous  substance  of  the  animal  body, 
which  is  soluble  in  cold  water.  It  is  likely,  however,  that  it 
exists  in  blood  in  a state  of  solution.  Whenever  gelatine 
forms  a part  of  the  solid  substances  of  the  body,  it  is  insoluble 
in  cold  water,  and  it  can  be  dissolved  out  of  these  substances 
by  water  at  the  boiling  temperature.  Its  composition  is, 

C13H10N2  05, 

whether  obtained  from  jelly  of  hartshorn,  from  isinglass, 
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or  from  silk.*  Both  the  unboiled  and  the  boiled  cellular 
matter,  after  it  is  changed  into  glue,  combine  with  tannic 
acid,  and  produce  compounds  which  are  insoluble  in  water. 


* From  the  folloviog  spcciee  of  gelatine,  I obtained  (Bulletin,  1839,  p. 


GcUtine  from  hartshorn. 

Gelatine  from  silk. 

I. 

II. 

c 

50.05 

50.05 

40.49 

H 

6.48 

6.64 

6.36 

N 

18.35 

18.39 

19.19 

0 

€5.12 

24.92 

24.96 

Oelatine  from  isinglass. 

Atoms. 

Calculated. 

C 

50.76 

13 

50.37 

H 

6.64 

10 

6.33 

N 

18.31 

2 

17.95 

0 

24.29 

5 

25.35 

Cop  found  that  by  boiling  isinglass,  only  1. 

7 per  cent,  was  left  insoluble^  thU  por- 

tion  gave  (Scheik.  Onderz.  D.  I.  p.  67)— 

- 

C 

52.02 

H 

6.71 

This  is  the  reason 

why  Schecrer  obtained  by  the  ultimate  analysis  of  entire  and 

unaltered  air  bladders,  almost  the  same 

results  as 

those  given  alwvc  from 

the  jelly.  He  found  (Annalen  der  Pharmacie,  Bd.  40,  8.  46)  ; — 


Isinglass. 

Tendons. 

Sclerotica. 

C 

50.56 

50.96 

61.00 

H 

6.90 

7.19 

7.08 

N 

18.79 

18.32 

18.72 

0 

23.75 

23.53 

23.20 

There  arc  three  combinations  of  gelatine  with  tannic  acid,  two  of  which  I for- 
merly analysed  (Bulletin,  1839,  p.  23) — 

Cii  11'“  N«  0»  -1  C»  H»  0»  4-  2 Aq. 

3 (C>  H'»  N*  0")  -t-  2 (C's  H'  O'  + Aq.) 

Schiebel  found  that  100  parts  of  gelatine  combined  with  50.25,  88.9,  or  118.5 
parts  of  tannic  acid,  which  arc  equal  to  1 equivalent  of  gelatine  with  1, 1 J,  and 
2 equivalents  of  tannic  acid. 

Thus  the  formula  for  gelatine  is  now  fixed.  It  has,  however,  been  determin- 
ed in  two  other  modes.  First,  by  passing  a current  of  chlorine  through  a 
solution  of  gelatine,  by  which  chlorite  of  gelatine  is  produced  (Bulletin,  1839, 
p.  153). 

We  know  three  combinations  of  this  kind,  consisting  of  1 equivalent  of  gela- 
tine, and  1 cquiv.  of  Cl  0"  (chlorous  acid),  3 cquiv.  of  gelatine  and  2 equiv.  of  Cl 
O’,  4 cquiv.  of  gelatine,  and  1 cquiv.  of  Cl  O’.  The  latter  of  these  is  as  constant  in 
its  composition  as  any  chemical  compound  which  can  be  obtained,  and  thus  no 
room  is  left  for  doubt  as  to  the  atomic  weight  and  the  fornmia  of  gelatine. 

The  following  arc  the  analytical  results; — 
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and  resist  putrefaction.  Hence  the  power  of  all  substances 
containing  tannic  acid  to  restore  weakened  energy  in  the 
organism.  Protein  compounds  and  gelatine  both  produce 
bard  and  coherent  compounds  with  tannic  acid.  Similar 
compounds  are  also  formed  in  the  organism  by  Peruvian  bark, 
willow  bark,  catechu,  and  many  other  astringent  medi- 
cines. Only  a small  quantity,  however,  of  this  abundantly 
suppUed  tannic  acid  is  carried  into  the  blood, — otherwise  it 
would  destroy  the  vital  action.  If  the  quantity  of  tannic 
acid  contained  in  1 ounce  of  Peruvian  bark,  or  even  in  a 
much  smaller  portion  of  it,  were  carried  into  the  blood,  im- 
mediate death  would  most  certainly  ensue,  for  it  would  make 
the  greater  part  of  the  albumen  in  the  blood  coagulate.  This 
is  also  the  case  with  alcoholic  liquids,  by  which  gelatine  and 
the  protein  compounds  are  precipitated  ; and  also  with  alum, 
which  renders  gelatine  solid, — the  latter  being  precipitated 
in  combination  with  the  alumina,  upon  the  addition  of 
alkalies. 


Found. 

Atoms. 

Calculated. 

c 

46.66 

46.25 

52 

46.52 

H 

5.90 

5.81 

40 

5.84 

N 

15.59 

8 

15.54 

0 

23.37 

20 

23.41 

CIO* 

8.48 

8.47 

1 

8.69 

Bcheerer  found  more  hydrogen  than  I did  in  analysing  gelatine ; therefore  my 
uperinients  have  recently  been  repeated  by  Van  Ooudoever  (Scheik.  Onders. 
II- 1,  p.  2fi7).  He  analysed  gelatine,  after  long  ebullition,  by  which  its  pro- 
perty of  forming  a jelly  is  destroyed.  The  result  was  : — 


Pound. 

Atoms. 

Calculated. 

C 

49.50 

49.56 

52 

49.67 

H 

6.56 

6.54 

41 

6.39 

N 

17.36 

17.36 

8 

17.69 

0 

26.58 

26.54 

21 

26.25 

that  is,  a hydrate,  analogous  to  the  latter  chlorite — 

4 (C»Ht»N*0*)  -t-  C10» 

4 (C*»Hi«N«0’)  + Aq. 

Thus  gdatinc,  after  long  ebullition,  has  an  atomic  weight,  which  is  quadruple 
of  that  which  it  possesses  when  it  forms  a jelly.  When  chlorine  was  passed 
through  the  solution,  I obtained  a fourth  combination  of  gelatine  with  ehiorous 
acid,  consisting  of  5 cquiv.  of  gelatine  and  2 of  chlorous  acid,  Cl  O’  (Schoik. 
Oaderz.,  D.  I.  p.  523). 
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From  the  production  of  leather  by  substances  containing 
tannin,  we  learn  that  the  cellular  tissue  contains  gelatine  in 
the  state  of  a hydrate,  of  which  the  water  can  be  replaced  by 
the  tannic  acid,  the  product  being  the  tannate  of  gelatine, 
which  is  hard,  insoluble,  and  resists  putrefaction. 

There  are  three  tannates  of  gelatine,  containing  respec- 
tively 1 equivalent  of  gelatine,  and  1 of  tannic  acid  ; 2 equi- 
valents of  gelatine,  and  1 of  tannic  acid ; 3 equivalents  of 
gelatine,  and  2 of  tannic  acid. 

If  chlorine  is  passed  through  a solution  of  gelatine,  a pre- 
cipitate is  obtained,  of  which  the  composition,  after  drying,  is 
4 (C13H10N2O6)  -f  C108. 

Before  drying,  however,  the  precipitate  contains  two  com- 
pounds, consisting  respectively  of  1 equivalent  of  gelatine,  with 

1 of  Cl  03  (chlorous  acid),  and  3 equivalents  of  gelatine,  with 

2 of  Cl  03. 

When  ammonia  is  added  to  this  compound,  the  solution 
evaporated,  and  the  sal-ammoniac  it  contains  removed  by 
alcohol,  a hydrate  of  gelatine  is  obtained,  which  no  longer 
gelatinizes.  Its  composition  is, 

4 (C18H10N2O5)  + Aq. 

The  same  product  is  obtained  by  boiling  gelatine  in  water  for 
a long  time.  This  peculiarity  ought  to  be  kept  in  view, 
when  meat  is  boiled  for  a long  time  into  bouillon,  and  espe- 
cially when  victuals  are  prepared  in  Papin’s  digester,  because 
it  is  doubtful  whether  this  hydrate  can  be  again  changed 
into  food  by  the  organism,  and  whether  it  may  not  produce 
noxious  substances  in  the  body. 

Plants  probably  do  not  prepare  gelatine,  since  it  has  not 
hitherto  been  found  in  vegetable  food. 

It  is  not  yet  known  how  the  gelatinous  tissues  are  produced 
in  fhe  animal  body.  Many  conjectures  may  be  formed,  but  we 
have  no  certain  knowledge  upon  the  subject.  There  arc  some 
substances,  however,  in  the  organism,  of  which  the  com- 
position is  analogous  to  that  of  gelatine  ; others  are  formed 
from  protein  by  means  of  alkalies  (p.  310).  The  latter  pecu- 
liarly deserve  our  attention,  because  the  serum  of  the  blood 
is  alkaline,  and  contact  with  even  the  weakest  alkaline 


Digitized  by  Google 


VEOETABLE  ASU  ANIMAL  PHYijlOLOaY. 


325 


solution  causes  protein  to  be  decomposed,  as  we  have  men- 
tioned at  p.  309.  It  appears  to  be  certain,  from  its  absence  in 
vegetable  food,  that  the  gelatinous  matter  is  formed  in  the 
animal  body. 

Hair  contains,  along  with  sulpho-protein  (C*®  0^2 

82),  a ligamentary  substance,  Hio  0^,  which  differs 
from  gelatine  by  containing!  equivalent  of  nitrogen  more.  The 
composition  of  protid,  C^®  N 0*,  and  that  of  erythroprotid, 
H®  N 0®,  also  very  nearly  approximate  to  that  of  gelatine 
(see  p.  310).  Thus  gelatine  may  be  formed  in  the  animal 
organism  from  the  decomposition  of  protein,  in  the  manner 
pointed  out  when  speaking  of  the  action  of  alkalies  on 
protein  (p.  809).  That  process  may  be  modified  by  the 
weak  alkaline  character  of  the  serum  of  the  blood,  but  in  the 
main  it  must  be  the  same  as  we  then  mentioned.  By  the 
oxidizing  influence  of  the  oxygen  carried  into  the  blood 
through  the  lungs,  either  no  formic  acid  is  produced  in  the 
blood  as  is  there  represented  (formula,  page  309),  or  it  is 
immediately  changed  into  carbonic  acid.  Thus  the  products 
into  which  protein  is  decomposed  by  the  alkali  in  the  blood, 
are  carbonic  acid,  ammonia,  protid,  erythroprotid,  and  leucin. 
Along  with  2 equivalents  of  ammonia,  there  are  produced — 
Protid,  Ci8H»NO< 

Erythroprotid,  C*®  H®  N 0® 

If  to  the  elements  of  each  of  these,  one  of  the  equivalents  of 
ammonia  is  added,  the  products  are, 

C18  H12  N2  0® 

And  Cl®  Hii  N2  0® 

From  this  it  appears  that  by  the  continual  action  of  oxygen 
carried  into  the  blood' by  the  lungs,  the  gelatinous  tissue  may 
be  formed  from  protid  by  the  addition  of  3 of  oxygen  (0®), 
and  from  erythroprotid  by  the  addition  of  1 of  oxygen  fO). 
Thus 


Cl® 

H12 

N2 

0* 

with  0® 

Gives 

Cl® 

Hio 

N2 

0® 

-I-  2 HO 

And 

Cl® 

Hii 

N2 

0® 

with  0 

Gives 

CIS 

Hio 

N2 

0® 

-1-  HO 
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— that  is,  by  the  absorption  of  oxygen  into  the  lungs,  gelatine 
(C'i3  N2  05)  and  water  (HO)  are  produced  from  protid  and 
erythroprotid,  after  being  combined  with  the  ammonia  which 
is  disengaged  from  protein  by  the  alkali  in  the  blood. 

According  to  this  formula,  therefore,  the  substances  which 
are  produced  from  the  decomposition  of  the  protein  in  blood, 
merely  through  the  action  of  the  alkali  in  the  serum,  and 
the  oxidizing  influence  of  the  atmosphere,  are — carbonic 
acid,  water,  gelatinous  tissue,  and  leucin.  The  carlwnic  acid 
passes  oflT  through  the  lungs,  the  water  through  both  the 
lungs  and  the  kidneys.  The  gelatine  requires -only  form  to 
become  cellular  tissue. 

Leucin,  however,  has  not  yet  been  found  in  the  body. 
Every  attempt  to  explain  the  formation  of  gelatine  must  be 
in  vain,  until  either  leucin  or  the  products  of  its  decomposi- 
tion are  discovered  in  the  body. 

I have  thought  it  necessary,  however,  to  give  these  explana- 
tions, with  the  view  of  drawing  attention  to  the  complex  cha- 
racter of  protein  and  gelatine,  and  to  the  great  improbability 
that  protein  should  be  transformed  into  gelatine  merely  by 
taking  or  losing  oxygen,  water,  and  ammonia ; and  further,  to 
the  probability  that  the  alkali  in  the  serum  has  a most  im- 
portant influence  on  the  transformation  of  protein,  and  that 
the  formation  of  protid  and  erythroprotid  from  protein  and 
alkalies,  seems  to  pave  the  way  for  a reasonable  explanation 
of  the  mode  in  which  the  gelatinous  tissues  are  produced.  Our 
knowledge  of  all  this,  however,  is  very  slight  as  yet,  because 
our  knowledge  of  the  so-called  extractive  matters  in  the  serum 
is  limited. 

We  are  likewise  but  imperfectly  acquainted  with  the  pro- 
ducts of  decomposition  of  the  gelatinous  tissues  in  the  body, 
because  we  do  not  know  enough  of  the  substances  produced  by 
the  decomposition  of  gelatine.  By  the  influence  of  oxidation 
prussic  acid  is  formed  ;*  by  the  action  of  alkalies,  gelatine 
sugar,  leucin,  and  extractive  matters  are  produced,  while 
ammonia  is  disengaged,  and  an  alkaline  carbonate  formed. ■f’ 

• Pentoz,  in  .Vnnal.  dcr  Clicmie  nnd  Pharmacie,  Dccemli.,  1842.  It  U,  how- 
ever. denied  by  Sullivan.  Ibid. 

-f-  Tlic»c  experimenta  arc  mentioned  in  Bulletin,  1888,  p.  145. 
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Finally,  gelatine,  when  boiled  in  dilute  sulphuric  acid, 
produces  extractive  matters  with  either  gelatine  sugar  or 
leucin.*  Since  leucin  is  also  produced  from ’albumen,  when 
decomposed  by  potash, "f  we  perceive  an  intimate  connection 
between  the  protein  compounds  and  animal  gelatinous  suh- 
stances.  They  both  form  similar  combinations  in  the  blood, 
and  can  thus  give  the  same  products  of  decomposition  under 
certain  conditiona 

When  treating  of  sugar  (p.  231),  we  mentioned  the  sub- 
stances which  are  produced  from  the  decomposition  of  gela- 
tine sugar.  If  the  cellular  tissue,  formed  from  protein  in  the 
war  above  stated,  can  be  dissolved  again,  it  must  exist  in  a 
state  of  solution,  that  is,  as  gelatine,  in  the  blood,  and  if  de- 
composed there  by  the  alkali  of  the  blood,  it  produces  (besides 
unknown  extractive  matters)  gelatine  sugar,  which  can  be 
decomposed  into  urea  and  sugar.  The  former  of  these  is  re- 
jected through  the  kidneys,  while  the  latter  may  be  employed 
in  the  body  for  other  purposes  still  unknown. 

Doubts  have  recently  been  started  as  to  whether  gelatine  is 
nourishing  for  man  ; and,  following  in  the  wake  of  the  French 
Academy,  many  persons  even  consider  gelatine  as  entirely 
useless  as  food.+  Such  persons  only  as  are  under  the  influ- 
ence of  prejudice,  (making  their  experiments  with  dogs — ani- 
mals which,  according  to  the  account  of  the  Gelatine  Com- 
mittee, prefer  to  starve  in  the  midst  of  gelatine,  rather  than 
touch  it) — such  persons  only  as  deny  the  results  of  innume- 
rable observations,  will  deny  to  gelatine  its  place  among  use- 
ful nutritive  substances.  Every  one  who  has  practised  medi- 
cine for  many  years,  as  I have  done,  and  who  has  had  oppor- 
tunities of  seeing  innumerable  convalescents  or  enervated 
persons  recover  their  strength,  by  the  use  of  arrow-root  and 
jelly  of  hartshorn,  must  regret  that  any  one  has  thought 
experiments  capable  of  leading  to  a right  decision,  in  cases 

• Bulletin,  1888,  p.  145. 

tibid,  p.  146. 

t See,  for  instance,  Verslag  an  Z.  E.  den  Minister  van  Binnenlandsche 
2sben,  in  het  Instituut,  1843,  N.  2,  p.  97,  (Account  to  His  Exc.  the  Minis- 
ttrofthc  Interior,  in  the  Royal  Institution,  1843,  N.  2,  p.  97.) 
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where  experiments  are  inadmissible  and  superfluous,  obserr- 
ations  alone  being  likely  to  guide  us  to  the  truth. 

This  is  not  the  place  to  explain  how  gelatine  acts  in 
nourishing  the  body ; we  rather  reserve  the  subject  till  we 
treat  of  animal  food.  I have  thought  it  necessary,  however, 
before  closing  this  short  account  of  gelatine,  to  express  my 
opinion  of  the  experiments  hitherto  made,  by  which  pure  ge- 
latine is  rejected  as  food;  namely,  that  those  experiments  have 
taught  me  nothing,  but  how  experiments  ought  not  to  be  made. 

Besides  the  gelatine  which  is  obtained  from  cellular  tissue 
and  serous  membranes,  there  is  another  kind  which  has  many 
of  its  properties,  but  is  difierent  in  composition.  It  was  first 
described  by  J.  Muller,  under  the  name  of  chondrin.  It  is 
obtained  firom  the  cornea,  and  the  permanent  cartilages, — ^for 
instance,  those  of  the  nose,  the  ears,  the  arteria  aspera, — and 
from  the  cartilages  of  the  joints  and  ribs,  by  boiling  them  in 
water.  From  the  existence  of  this  second  kind  of  gelatine, 
therefore,  we  must  infer  that  of  another  kind  of  tissua  The 
composition  of  this  tissue  just  as  much  resembles  chondrin, 
as  the  ligamentary  tissue  does  the  gelatine  prepared  from  it 
By  analysing,  for  instance,  the  cartilage  of  the  ribs,  nearly 
the  same  composition  is  obtained  as  from  chondrin,  prepared 
by  boiling  this  cartilage.  Thus  it  would  appear  that  these 
tissues  consist  almost  entirely  of  chondrin,  as  isinglass  does 
of  gelatine.  (See  Cartilaginom  Titsuet.)  Its  composition  b : — 
10  (C32  H28  N*  0»)  -b  S.  * 

The  substance  which  produces  chondrin  is  formed  under 

a 

• Bulletin,  1838,  p.  77. 
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49.96 

320 

49.93 

H 

6.68 

260 

6.61 

N 

14.44 

40 

14.47 

O 

28.59 

140 

28.58 

s 

0.38 

1 

0.41 

We  have  detennincd  the  atomic  weight  of  chondrin,  by  combining  it  with 
aulphato  of  iron,  and  that  of  chondrin  freed  from  aulphnr,  by  uniting  it  with 
chlorine.  The  latter  haa  been  analysed  by  Schrbdcr  (Scheik.  Onden.  D.  I. 
p.  270)— 
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Other  circumstances  than  that  wliich  produces  gelatine.  We 
know  this  chiefly  from  the  fact,  that  the  ril>-cartilage  of  old 
animals  in  process  of  ossification  gives  gelatine  and  not  chon- 
drin  upon  being  boiled.  At  that  period,  therefore,  this  carti- 
laginous tissue  has  undergone  an  entire  change,  and  has  been 
converted  into  the  tissues  of  the  bonea  The  tender  bones  of 
the  foetus,  on  the  other  hand,  give  cbondrin,  instead  of  gela- 
tine, before  ossification  has  commenced  ; after  that  time,  they 
give  gelatine.* 

Cbondrin,  when  placed  in  contact  with  chlorine,  forms  a 
chlorine-compound — one  which  does  not  contain  chlorousacid. 


Found. 

Atoms. 

Calculated. 

c 

46.11 

32 

45.96 

H 

6.09 

26 

6.09 

N 

13.71 

4 

loiso 

0 

26.88 

14 

26.31 

Cl 

7.21 

1 

8.32 

Schroder  has  also  repealed  m;  former  analyses  of  cbondrin,  dlfiercnt  results 
haring  been  obtained  by  Scheercr  and  V ogol.  Seheerer  (AnnaL  der  Pharmacie, 
Bd.  xl.,  S.  49)  has  analysed  the  whoU  of  ribeartilage  and  of  the  cornea,  and 
found  : — 


Rib-cartilage. 

Cornea. 

C 

50.90  49.19 

49.52 

H 

6.96 

7.10 

N 

14.91 

14.40 

O 

27.23 

28.98 

Scheercr's  results  and  mine  approximate,  the  hydrogen  excepted,  which, 
however,  is  a very  essential  point.  Schriider  found  exactly  the  same  propor- 
tions as  I did  : — 

C 49.93  32  49.93 

H 6.61  26  6.61 

Scheerer’s  experiments,  however,  may  serve  to  show,  that  the  difference  between 
rib-cartilage  and  cbondrin  is  just  as  small  as  that  between  the  air-bladders 
of  fishes  and  isinglass.  Vogel's  results  from  the  analysis  of  cbondrin  (Journal 
de  Pharmacie,  Aofit,  1841,  p.  497)  are  wrong  as  respects  the  proportion  of  car- 
bon : — 

C 48.97 

H 6.53 

N 14.55 

O 29.63 

8 0.32 

* Muller,  in  Poggend.  Annalen,  Ud.  xxsviii.  p.  316. 
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Its  composition  is  represented  by  the  formula  C®2H26N^0**C1, 
as  has  been  found  by  Schroder. 

These  are  the  only  gelatinous  substances  in  the  animal 
body  with  which  we  are  as  yet  acquainted.  The  Pyiine  ob- 
tained by  Giiterbock  from  the  matter  of  tubercles,  and  from 
that  of  granulation,  from  pseudo-membranes,  the  skin  of  the 
foetus,  the  condyles,  &c.,  is  nothing  but  tri-oxide  of  pro- 
tein. Finally,  gelatine  from  elastic  tissues,  has  properties 
which  are  intermediate  between  those  of  chondrin,  tri- oxide 
of  protein,  and  common  gelatine.  It  seems  to  be  a mixture 
of  these. 

The  origin  of  the  ligamentarj'  tissue  is  involved  as  yet  in 
almost  perfect  darkness.  In  attempting  to  trace  its  origin, 
great  assistance  is  derived  from  the  observation,  that  the 
bones  of  the  foetus  at  first  contain  chondrin  ; that,  as  soon 
as  ossification  has  begun,  they  are  changed  into  gelatinous  tis- 
sue ; and  that  ossifying  cartilage  by  ebullition  no  longer  yields 
chondrin,  but  gelatine.  This,  it  is  true,  does  not  prove  that 
every  gelatinous  substance  has  previously  been  chondrin  tissue, 
and  that,  therefore,  the  skin,  serous  membranes,  &c.,  pre- 
vious to  their  existence  in  such  a state  as  to  produce  gelatine 
by  ebullition,  should  yield  chondrin.  The  possibility  of  this 
fact,  however,  is  undeniable,  and  it  deserves,  therefore,  to  be 
investigated.  It  has  been  ascertained  by  experiment,  that 
both  the  chondrin-tlssue  of  the  bones,  and  that  of  rib-carti- 
lage, can  be  converted  into  gelatinous  tissue. 

It  follows,  then,  that  in  those  organs,  chondrin  is  the  pri- 
mary, gelatine  the  secondary  product.  We  have,  therefore, 
to  ascertain  how  chondrin  is  changed  into  gelatine,  and  how 
chondrin  is  produced. 

As  to  the  latter  point,  we  observe  two  kinds  of  chondrin- 
tissue  in  the  body  : — the  one  in  the  foetus  is  amverled  into 
gelatine-tissue  before  birth  (in  the  bones) ; the  other  pre- 
serves its  existence  for  a number  of  years,  and  undergoes 
this  change  in  very  old  age  only.  This  is  a remarkable  differ- 
ence, and  cannot  be  explained  chemically ; it  must  depend  on 
the  form,  or  upon  what  we  are  accustomed  to  call  the  organi- 
zation. 
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It  is  remarkable,  besides,  that  the  real  gelatinous  tissues  do 
not  all  secrete  the  earthy  bone  salts;  this  property  being  pos- 
sessed only  by  the  gelatinous  tissue  of  the  bones,  and  the  real 
cartilaginous  tissue  (in  old  age).  The  skin  and  the  serous 
membranes,  which  are  also  real  gelatinous  tissues,  are  desti- 
tute of  that  property.  Neither  can  a chemical  explanation 
be  given  of  this  difference,  which  must  therefore  be  traced 
to  the  form  or  the  nature  of  the  tissue.* 

The  formation  of  chondrin  in  young  unossified  bones,  we 
can  attribute  only  to  a protein-compound.  For  in  the 
chicken,  of  which  the  tender  hones  contain  chondrin,  the 
principal  constituents  to  be  found  are  only  albumen,  oxide 
of  protein,  and  fats ; the  fats  have  no  share  in  the  forma- 
tion of  chondrin.  We  may  assume,  that  in  the  complete 
organism,  chondrin  is  formed  and  sustained  by  means  of  the 
same  materials  as  in  young  animals. 

If  we  attend  merely  to  the  composition  in  the  hundred 
ports,  chondrin  would  appear  to  be  a bi-hydrate  of  the  tri- 
oiide  of  protein.  For  the  results  of  the  analysis  can  nearly 
be  represented  by  C*o  N®  0^®  2 H 0.+  But  this  would 

be  to  twist  the  results  of  the  analyses  to  our  own  purposes ; 
and,  besides,  the  proportion  of  carbon  in  the  combination  of 
chondrin  with  chlorine  (p.  329)  is  not  at  all  in  accordance 
with  this  assumption.  We  are,  therefore,  not  entitled  to 
regard  chondrin  as  identical  with  tri-oxide  of  protein. 

As  to  the  formation  of  gelatinous  tissue  from  chondrin, 
which  undoubtedly  takes  place,  it  cannot  be  very  different 
from  the  formation  of  the  same  tissue  out  of  protein-com- 
pounds. For  the  skin  and  the  serous  membranes  are  pro- 
duced from  the  latter  directly,  not  after  a preceding  formation 
of  chondrin,  as  in  the  true  cartilaginous  tissue,  and  in  that 
of  the  bones.  This,  however,  cannot  be  explained  by  chemis- 
try. Of  gelatine  itself,  too  little  is  yet  known,  nor  are  we  yet 
acquainted  with  any  other  connection  between  gelatine  and 


* Sec  Tluut-t. 

+ CoMpare  the  cxperimenUl  rcoulU  meationed  in  the  note  at  pp.  312  and 
32S. 
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protein,  tlian  what  we  have  shown  to  exist  in  leuciu  ami 
}»elatine-sugar  (p.  326).  Of  this  process  we  cannot  form  any 
determinate  idea,  until  new  experiments  have  been  success- 
fully performed. 

The  Colouring  Matter  of  Blood. 

The  blood  of  red-blooded  animals  contains  a very  re- 
markable substance,  which  probably  plays  an  important  part 
in  the  body,  but  of  which  we  do  not  yet  know  the  functions. 
I mean,  the  red  colouring  matter  of  the  blood.  From  its 
absence  in  some  classes  of  animals,  we  may  conclude,  that  it 
is  not  indispensable  to  animal  life.  It  may  be  true^  that  the 
structure  of  white  blooded  animals  differs  from  that  of  the  red 
blooded ; but  there  is  so  much  similarity  among  the  func- 
tions of  both,  that  this  red  matter  cannot  be  considered  as 
indispensable  to  animals.  It  is  said  to  perform  an  important 
service,  wherever  the  organs  of  respiration  are  in  a more  de- 
veloped state.  Since  it  is  not  present  in  plants,  animals 
cannot  get  it  from  that  source ; it  must  therefore  be  produced 
from  vegetable  food  in  the  body  itself  in  the  case  of  such  red 
blooded  animals  as  live  only  on  vegetable  food.  We  are 
yet  entirely  unacquainted  with  the  mode  in  which  it  is  pro- 
duced, and  hence  many  vital  functions  are  still  involved  in 
obscurity. 

This  colouring  matter  is  contained  in  vesicles,  of  which  an 
innumerable  multitude  exist  in  the  blood.  They  are  called 
blood-globules.  The  walls  of  these  vesicles  retain  this  co- 
louring matter  ; but  a small  quantity  of  it  occasionally  passes 
through  them.  Although,  therefore,  the  greater  quantity  of 
it  is  enclosed  in  these  globules,  and  within  them  is  diffused 
through  a liquid,  another  part  is  found  without  them,  in  the 
serum. 

It  has  been  universally  assumed,  that  the  two  kinds  of  red 
blood  which  exist  in  animals,  contain  the  colouring  matter  in 
two  chemically  different  conditions.  In  arterial  blood  it 
should  possess  an  excess  of  oxygen  ; in  venous  blood  an  ex- 
cess either  of  carlwn  or  of  carbonic  acid.  The  grounds  upon 
which  these  suppositions  were  made  to  rest,  are  : — tliat  arte- 
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riil  blood  is  of  a bright  red,  and  venous  blood  of  a dark  red 
colour ; that  the  latter  becomes  bright  red  when  mixed  with 
oxygen ; that  in  the  lungs,  where  venous  blood  is  changed 
mto  arterial  blood,  oxygen  is  taken  up  and  carbonic  acid  dis- 
engaged, and  that,  therefore,  a real  chemical  difference  must 
exist  between  the  colouring  matter  of  arterial,  and  that  of 
venous  blood. 

It  is  not  necessary,  however,  that  either  the  bright  red  colour 
should  be  owing  to  oxygen,  or  the  dark  to  carbon  or  carbonic 
acid ; because  the  same  change  of  colour  can  be  produced  by 
other  substances  besides  oxygen.  Among  those  substances 
are  solutions  of  entirely  neutral  salts,  which  do  not  disen- 
gage oxygen ; for  instance,  saltpetre,  sulphate  of  soda,  and 
many  others.  When  venous  blood  is  either  received  in,  or  is 
mixed  with  these  solutions,  it  becomes  as  bright  red;  as  when 
it  is  exposed  to  the  influence  of  oxygen.  It  is  by  no  means 
necessary,  therefore,  to  assume  that  the  change  of  colour 
of  the  blood  in  the  lungs,  is  due  to  a change  in  the  chemi- 
cal composition  of  the  colouring  matter,  dependent  either 
on  a higher  or  lower  degree  of  oxidation,  since  both  saline 
solutions  and  oxygen  have  the  same  effect. 

The  colouring  matter  may  be  extracted  from  clotted  blood 
by  alcohol  mixed  with  a small  quantity  either  of  sulphuric 
acid,  or  of  ammonia,— or  better  still,  by  pouring  blood  into  a 
solution  of  sulphate  of  soda,  allowing  it  to  settle,  and  then 
treating  the  layer  of  blood-globules  at  the  bottom  with  alco- 
hol and  sulphuric  acid. 

The  colouring  matter  of  the  blood  (hannatin)  can  combine 
»ith  acids  and  alkalies,  like  protein.  By  this  property  the 
incalculable  series  of  combinations  in  the  animal  body  is 
greatly  increased.  It  is  almost  insoluble  in  water,  alcohol,  and 
ether,and  in  acids  and  alkalies;  but  it  is  soluble  in  alcohol  con- 
taining either  an  acid  or  an  alkali.  When  separated  in  the 
above  manner,  and  freed  from  sulpho-proteic  acid,  chemists  call 
it  coagulated  colouring  matter.  It  is,  however,  incapable  of 
coagulation.  The  opposite  idea  has  originated  in  the  pro- 
perty formerly  found  to  be  possessed  by  colouring  matter 
containing  albumen,— the  latter  substance  being  the  only 
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cause  of  the  coagulation.  It  can  hardly  be  called  coagulated, 
since  it  is  completely  soluble  in  alcohol  mixed  either  ■with 
sulphuric  acid  or  with  ammonia.  The  solution,  even  when 
diluted,  has  a dark  colour,  and  possesses  all  the  properties  of 
the  colouring  matter  of  venous  blood,  notwithstanding  it  has 
been  obtained  in  contact  with  the  air,  and  therefore  placed 
in  the  condition  of  arterial  ha;matin. 

It  is  not  likely  that  the  mode  of  preparation  can  have 
made  any  alteration  on  the  substance.  The  only  alteration 
which  could  possibly  take  place,  would  be  a change  from  the 
venous  into  the  arterial  character. 

Its  composition  is  always  the  same,  when  prepared  in  the 
way  above  described  from  the  blood  of  different  animals, 
whether  the  blood  be  venous  or  arterial,  namely : — 

C44  H22  ns  o«  Fe.* 

Some  chemists  have  found  that  the  proportion  of  iron  is 
variable;  but  the  cause  of  such  differences  is  to  be  looked  for 
in  the  experiments  themselves.  The  proportion  of  iron  is 
invariable,  when  the  substance  is  properly  prepared.  The 
iron  is  chemically  combined  with  the  ha;matin,  and  thus  con- 


stitutes  one 

of  its 

elements.  It  can,  however,  be  separated 

* Bulletin,  1839,  p.  74. 
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from  it  If,  for  Instance,  haimatin  be  difiFused  through  water 
and  exposed  to  the  action  of  chlorine,  the  iron  disappears, 
being  dissolved  in  the  hydrochloric  acid  produced,  and  6 
equivalents  of  chlorous  acid  (6  Cl  0®)  are  substituted  for  one  of 
iron  (Fe).  The  substance  has  now  become  white,  and  its 
composition  is — 

C<4  H22  N®  0®  + (!  (Cl  0®).* 

The  Iron  can  be  separated  in  another  way  also,  so  as  to  leave 
a red  colouring  matter  behind.  For  this  purpose  dried  blood 
must  be  mixed  with  strong  sulphuric  acid,  the  mixture  left 
together  for  some  time,  and  water  then  added.  Hydrogen  gas 
is  disengaged,  and  sulphate  of  iron  remains  dissolved  in  the 
water,  and  can  be  detected  by  the  usual  reagents.  After 
the  remaining  blood  is  thoroughly  washed  and  extracted 
with  alcohol  and  a little  sulphuric  acid,  red  hsematin,  free 
from  iron,  is  obtained  in  combination  with  sulpho-proteic 
acid.  Van  Goudoever  has  found  this  compound,  though  pre- 
pared in  different  ways,  to  be  of  a constant  composition, 
which  may  be  represented  by  the  following  formula : — 

C84  H67  N8  022  SO®  = 

C44  H22  N3  0®  -t-  C<0  H®'  N®  012  ,S03  -f.  4 Aq.f 

When  hsematin,  prepared  in  the  manner  first  described — 
that  is,  containing  iron,  and  free  from  protein  and  suljihuric 
acid — is  mixed  with  strong  sulphuric  acid,  and  after  being  so 

• Bulletin,  1839,  p.  411. 
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left  for  some  days,  is  diluted  with  water,  hydrogen  gas  is 
disengaged,  and  the  solution  contains  sulphate  of  iron.  In 
this  manner  all  the  iron  can  be  dissolved,  and  the  organic 
elements — 

C<4  H22  N3  06 

can  be  obtained  in  mutual  combination.* 

The  iron,  therefore,  is  a constituent  of  hsematin,  which 
can  be  separated  from  it ; but  at  the  same  time,  the  nature  of 
the  colouring  matter  is  thereby  entirely  changed. 

It  has  been  assumed  that  this  iron  is  very  loosely  com- 
bined with  the  colouring  matter,  so  that  it  can  be  oxidized  and 
de-oxidized  in  respiration, — the  real  organic  constituents  not 
being  comprehended  in  this  action.  As,  however,  the  quan- 
tity of  hsematin  existing  in  blood  is  very  far  from  sufficient 
to  combine  with  all  the  oxygen  taken  up  in  respiration,  it  is 
undeniable  that  it  is  not  the  iron  which  takes  and  carries 
throughout  the  body  the  quantity  of  oxygen  which  is  con- 
verted into  carbonic  acid  by  respiration. 

Moreover,  the  iron  is  very  intimately  combined  with  the 
four  organic  elements  of  the  hsematin ; so  much  so  that,  if 
duly  prepared,  it  may  be  digested  with  diluted  hydrochloric 
or  sulphuric  acid  for  many  days,  without  the  least  diminution 
of  the  quantity  of  iron.  From  hsematin,  treated  in  this  man- 
ner, I obtained,  after  combustion,  9.49  per  cent,  of  oxide  of 
iron,  which  is  the  constant  quantity  always  left  after  com- 
bustion by  properly  prepared  hsematin. 

The  idea,  therefore,  that  the  iron  can  be  separated  from 
blood  without  producing  a complete  change  in  the  nature  of 
the  colouring  matter,  may  justly  be  called  inaccurate. 

Liebig,  who  is  of  a different  opinion,  rests  it  on  the  obser- 
vation, that  iron  can  be  dissolved  from  dried  blood  by  di- 

* Scheikiind.  Onderzoek.,  D.  II.  p.  151. 
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luted  acids.  But  other  constituents  of  the  blood  besides  the 
haeuiatin  contain  iron.  When  pure  serum  is  burned,  it 
leaves  an  ash  which,  like  that  of  the  albumen  from  eggs,  con- 
tains iroa  It  is  this  oxide  of  iron,  and  not  that  of  the  haema- 
tin,  as  Liebig  imagines,*  which  can  be  extracted  by  diluted 
acids  from  dried  blood. 

We  must  assume  the  iron  to  exist  in  pure  hiematin  in  the 
condition  in  which  it  is  present  in  arterial  blood.  There 
it  may  exist  either  in  the  state  of  highest  oxidation,  that 
is,  Fe2  0*  (peroxide  of  iron),  (for  nobody  will  think  of  meet- 
ing here  the  ferric  acid  of  Fremy,)  or  as  an  organic  consti- 
tuent combined  with  carbon,  hydrogen,  nitrogen,  and  oxy- 
gen— in  the  state  of  metallic  iron,  that  is,  and  not  of  oxide 
of  iroa 

If  this  iron  were  as  easily  changed  from  carbonate  of  prot- 
oxide of  iron  into  peroxide  (when  venous  blood  becomes 
arterial  in  the  lungs),  and  vice  versa  (by  the  opposite  pro- 
cess in  the  capillary  system)  as  Liebig  assumes,  then  it 
should  be  possible  to  extract  all  the  iron  from  hsematin  by 
a weak  acid.  But  this  is  by  no  means  the  case  ; on  the  con- 
trary, as  1 have  already  said,  the  quantity  of  iron  cannot  be 
diminished,  unless  the  iron  and  the  colouring  matter  at  the 
same  time  be  attacked  by  a strong  acid. 

An  alternate  change  of  the  iron  into  carbonate  of  prot- 
oxide, and  into  peroxide  by  respiration,  mast  therefore  be 
regarded  as  impossibla 

There  is  another  reason,  besides,  which  unquestionably 
proves  that  the  iron  does  not  exist  in  the  state  of  peroxide 
m the  coloiuring  matter  prepared  in  contact  with  the  air, 
that  is,  such  as  it  is  present  in  arterial  blood.  For  in  the 
first  place,  this  colouring  matter  can  be  freed  from  iron  by 
strong  sulphuric  acid  with  disengagement  of  hydrogen,  which 
could  not  happen  if  peroxide  of  iron  (Fe*  0^)  were  present 
in  it ; — in  the  second  place,  after  separation  of  the  iron, 
C44  JJ3  0®  Fe  leave  O'**  H22  0®,  while  the  remaining 

substance  should  contain  0*1,  since  if  Fe^  0*  were  really 


* Animal  Chcjnistrj",  Dutch  edition,  p.  235. 
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present,  it  must  be  in  combination  with  a substance  repre- 
sented by  2 (C«H22  N8  OH).* 

For  these  reasons,  I think  it  unquestionable  that  hsematin 
does  not  contain  the  peroxide  of  iron,  (Fe2  O®)  but  that  the 
iron  exists  in  it  in  the  same  state  as  iodine  does  in  sponge, 
sulphur  in  cystin ; or,  to  express  our  idea  more  clearly,  as 
arsenic  does  in  cacodyl,  as  represented  in  the  following  for- 
muliE : — 

H6  As  Cacodyl 

C^  H8  As  -I-  0 Alcarsin 

H6  As  -b  08  -b  Aq.  Alcargen 

Some  light  may  lie  thrown  on  the  function  of  the  colouring 
matter  in  the  blood,  if  it  really  takes  up  oxygen,  by  applying 
to  it  the  principle  of  the  above  formulae,  by  which  Berzelius 
has  represented  the  substances  discovered  by  Bunsen. 

If,  however,  we  bear  in  mind  what  has  just  been  remarked 
as  to  the  change  of  the  red  colour  in  venous  blood  by  salts, 
which  cannot  give  off  any  oxygen,  then  we  shall  perceive 
that  we  have  but  little  ground  for  holding  that  a chemical 
change  of  the  hnsmatiu  in  the  lungs  is  likely  to  happen. 

Several  old  experiments,  repeatedly  published,  and  some 
more  recent  ones  by  Scheerer,  render  it  still  more  imj>robable, 
that  the  haematin  is  oxidized  in  the  lung.s.'f' 

When  recent  ox-blood  of  a bright  red  colour  is  mixed 
with  2 or  3 times  its  bulk  of  water,  it  liecomes  dark  red. 
When  oxygen  is  passed  through  the  solution,  it  retains  that 
dark  colour.  If,  however,  a little  milk,  oil,  finely  pt)wdcred 
chalk  or  gypsum,  is  mixed  with  the  blood  and  water,  the  co- 
lour becomes  again  bright  red. 

These  experiments  seem  to  prove  that  the  bright  red  co- 
lour of  blood  depends  upon  other  causes  than  oxidation; 

• U is  exceedingly  difficult  to  free  htemstin  from  iron  by  menn><  of  the  fir»t 
Uydratc  of  Hulphuric  acid.  The  eeparation  can  only  be  eflccted  by  treating  it 
repeatedly  with  strong  Bulphiiric  acid,  soaking  it  for  many  day*.  mUingii 
with  water,  and  washing  it  for  a long  time. 

+ ZeitacTirift  fUr  rationelle  Mcdicin,  Rd.  i.  8.  2S8.  The  greater  part  of  the 
experiment*  mentioned  by  Scheerer,  are  to  lie  found  in  ,M tiller,  Physiologie, 
I).  I.  p.  310. ; Simon,  Medic.  Chemie,  D.  II.  p.  101. 
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and  therefore  the  dark  red  coloiur  upon  other  causes  than  the 
presence  either  of  carbon  or  of  carbonic  acid.  From  a glance 
at  these  experiments,  we  learn,  that  the  bright  red  colour  is 
connected  with  the  presence  of  white  particles  suspended 
in  the  liquid.  This  conclusion  is  still  further  confirmed  by 
the  result  of  microscopical  investigation. 

The  colouring  matter  exists  chiefly  in  the  little  disks  of 
the  blood.  This  and  the  following  observations  were  made 
bv  Hewson  as  early  as  1785.*  Those  disks  are  bi-concave 
when  the  blood  is  of  a bright  red  colour;  and  they  then  reflect 
a great  deal- of  light,  and  act  as  powdered  chalk,  milk,  &c. 
MTien  the  blood  has  a dark  colour,  the  blood-corpuscles  are 
either  bi-convex,  or  their  covering  is  so  thin  that  they  trans- 
mit all  the  light ; or  they  are  wholly  dissolved,  while  the  co- 
louring matter  is  diffused  through  the  water.  This  takes  place 
when  bright  red  blood  is  mixed  with  water.  The  corpuscles 
then  swelling,  become  bi-convex  and  spherical,  while  the  en- 
velope becomes  thinner,  and  finally  disappears,  the  colouring 
matter  passing  through  it,  and  being  diffused  in  the  water. 

If  the  contact  of  these  blood-corpuscles  with  the  water  be 
of  shorter  duration,  and  if,  after  the  colour  has  become  a 
little  darker,  a saturated  solution  of  any  neutral  salt  be  added, 
then  the  same  bodies  reappear  distinctly,  and  become  bi-con- 
cave again.  They  contract,  or  rather,  the  water  penetrating 
through  the  film,  is  mixed  by  exosmose  with  the  solution,  and 
so  the  colour  becomes  bright  red  again.  It  is  clear,  that  if 
the  addition  of  the  saline  solution  has  been  delayed  too  long, 
the  red  colour  cannot  be  restored,  because  then  the  envelopes 
of  the  corpuscles  are  too  much  extended,  or  even  dissolved, 
and  have  disappeared.  The  red  colour  can  then  be  restored 
by  chalk,  &c.  ; while  if,  by  passing  oxygen  through  the  dark 
red  liquid,  the  bright  red  colour  does  not  re-appear,  then  none 
of  the  l)I<KHl-glo!jules  are  longer  visible  in  the 'liquid. 

When  a piece  of  the  clot  is  triturated  with  a saline  solution, 
a bright  red  liquid  is  obtained,  from  which,  if  kept  in  a cy- 
lindrical glass,  a bright  red  layer  of  lilood-globules  falls  to 

* See  Schultz,  Uber  die  lioTsoiischc  rntcreuchungen  dcr  Dlutbliiitclicu, 
Uiptif,  1835. 
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the  bottom,  above  which  is  a pale  red  liquid  containing  few 
or  none  of  these  globules. 

When  the  upper  layer  is  decanted,  and  water  is  added 
to  the  inferior  bright  red  layer,  the  globules  of  blood  disap- 
pear, and  the  colour  becomes  dark  red. 

When  blood  is  allowed  to  stand  for  some  days  in  a saline 
solution,  the  bright  red  is  changed  into  a dark  red.  Much  car- 
bonate of  ammonia  is  produced,  and  the  corpuscles  are  en- 
tirely changed,  flaccid,  and  decomposed. 

When  carbonic  acid  is  passed  through  recent  bright  red 
blood,  containing  bi-concave  disks,  the  latter  become  bi-con- 
vex,  and  the  blood  turns  dark  red. 

These  experiments,  by  Scheerer  and  others,  prove  that  dur- 
ing respiration  no  oxidation  is  required  to  change  the  colour  of 
blood  from  dark  into  bright  red.  To  these  experiments  I 
will  add  some  others  made  by  R T.  W.  von  Baumhauer,  of 
which  I have  seen  the  resulta 

When  clotted  ox-blood  is  cut  into  pieces,  and  then  exposed 
to  the  air,  it  turns  bright  red  at  all  the  points  which  are  in 
contact  with  the  air.  If  these  pieces  are  then  plunged  into 
the  alkaline  serum,  they  become  dark  again : if  again  exposed 
to  the  air,  they  reassume  the  bright  red  colour,  but  under 
water  they  become  dark  again. 

When  dark-coloured  clotted  ox-blood  b put  into  a solution 
of  iodide  of  potassium,  or  of  sulphate  of  soda,  it  becomes  very 
bright  red.  The  same  happens,  though  the  colour  is  less 
bright,  when  it  is  put  into  a solution  of  saltpetre,  sulphate 
of  potash,  or  common  salt.  The  colour  becomes  darker  again, 
if  the  substance  is  either  put  under  water  or  is  subjected  to 
the  action  of  an  acid. 

Bright  red  pieces,  laid  in  a very  weak  solution  either  of 
potash  or  ammonia,  soon  become  black.  They  swell  and  be- 
come gelatinous.  The  same  effect  is  produced,  though  more 
slowly,  by  watery  solutions  of  soda,  lime,  and  baryta 

Such  pieces  blacken  also  in  carbonic  acid,  in  water,  very 
diluted  solutions  of  tartaric,  oxalic,  sulphuric,  phosphoric, 
hydrochloric,  acetic,  nitric,  or  boracic  acids.  The  order  in 
which  wc  have  enumerated  these  acids,  indicates  their  relative 
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power  of  blackening.  The  liquid  at  the  same  time  becomes 
dark  red. 

Globulin  is  coagulated  by  the  above  saline  solutions.  By 
acids  it  is  first  rendered  gelatinous,  and  then  dissolved ; 
alkalies  have  the  same  effect  This  much  may  be  stated  re- 
garding globulin,  as  agreeing  with  the  properties  which 
fibrin  is  known  to  possess. 

We  shall  now  endeavour  to  explain  the  cause  of  the  change 
of  colour  which  blood  undergoes  in  the  lungs,  assuming  that 
the  colouring  matter  is  not  changed  by  this  process. 

The  hsematin  is  almost  entirely  enclosed  in  thin  films,  the 
corpuscles  of  the  blood  being  cells,  each  of  which  in  general 
possesses  a kernel  The  membranes  of  these  cells  consist  of  a 
protein-compound,  which  is  not  albumen,  but  is  either  the  sub- 
stance which  forms  fibrin  when  blood  coagulates,  and  which, 
on  the  dissolution  of  the  membrane,  is  diffused  in  the  serum, — 
or  it  is  a peculiar  protein-compound  termed  globulin.  For 
our  present  purpose,  it  does  not  matter  which  of  the  two  we 
assume.  The  substance  from  which,  in  coagulated  blood, 
fibrin  is  formed,  exists  in  the  liquid  blood  in  a state  of 
solution. 

Now,  it  is  a characteristic  of  protein-compounds— especially 
of  the  substance  which  produces  fibrin — to  form  two  oxides, 
C*o  H31  N®  0^^,  and  C*®  H^i  N®  0^®,  when  in  contact  with  the 
oxygen  of  the  air.  A combination  of  this  kind  is  found  in 
the  inflammatory  crust*  When  that  protein-compound  is 
oxidized,  and  these  two  oxides  are  produced,  it  assumes  a 
character  of  plasticity,  t.  e.,  has  a tendency  to  become  solid, 
adheres  to  solid  substances,  and  is  deposited  as  a thin  layer 
round  the  cellular  membrane  of  the  little  blood  corpuscles. 

Thus,  when  a respiration  is  performed,  the  exterior  layer 
of  this  cellular  membrane  must  consist  of  a substance  similar 
to  that  which  constitutes  the  inflammatory  crust ; it  must  be 
less  transparent  and  white.  So  it  is  in  arterial  blood.  In  the 
capillary  system,  this  exterior  white  layer  of  the  membrane 
is  employed  in  the  change  of  the  substance  of  the  body,  and 
is  thereby  consumed  entirely.  The  remainder  having  lost 

* See  al)Ove,  p.  811  and  812. 
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the  white  layer,  has  become  transparent  again,  and  repre- 
sents red  hajmatin  in  its  normal  state.  That  dark  colouring 
substance  in  the  globules  of  arterial  blood,  shining  through  a 
white  layer,  must  necessarily  appear  bright  red,  as  is  the 
case  with  dark  red  blood  when  poured  into  a vessel  of  milky 
glass — as  has  been  remarked  by  Scheerer.-f- 

There  is  another  observation,  which  may  be  of  use  to  our 
present  purpose,  namely,  that  the  bright  red  bodies  are  bi- 
concave, the  dark  red,  bi-convex.  It  is  W’cll  known  that  the 
inflammatory  crust  is  very  apt  to  curl  up  at  the  edges,  and 
to  become  concave.  If  the  blood-corpuscles  are  really  sur- 
rounded with  an  envelope  of  oxide  of  protein  in  the  lungs, 
the  form  assumed  by  the  two  laminae,  on  both  sides  of  the  lit- 
tle flat  body,  must  resemble  that  of  the  inflammatory  crust. 
This  at  the  same  time  explains  the  bi-concavity  of  the  cor- 
puscles. When  an  inflammatory  crust  is  formed,  it  has  such 
a strong  tendency  to  become  bi-concave,  that  the  middle  part 
of  the  crust  is  entirely  depressed.  In  as  far,  therefore,  as  the 
reflection  of  light  is  to  be  taken  into  view,  in  accoimting  for 
the  bright  red  colour  of  the  corpuscles,  and  the  transmission 
of  light  in  accounting  for  their  dark  red  colour,  the  fact  just 
stated  in  regard  to  their  form,  is  applicable  also  to  the  pheno- 
menon now  under  consideration. 

In  the  last  place,  it  is  justly  observed  by  Scheerer,  that  the 
corpuscles  of  venous  blood  have  the  same  form  as  those  of 
arterial  blood ; but  this  by  no  means  shows  that  there  is 
no  difference  between  them ; for  the  thin  layer  of  venous 
blood,  as  soon  as  it  is  put  upon  the  object-glass  of  the 
microscope,  is  thoroughly  exposed  to  the  air,  and  is  thus 
quickly  changed  into  arterial  blood. 

I do  not  agree  with  Scheerer,  in  regarding  the  whole  phe- 
nomenon of  the  reddening  of  venous  blood  in  the  lungs  as  a 
complex  effect  resulting  from  the  loss  of  carbonic  acid  and 
water,  the  absorption  of  oxygen  and  the  admixture  of  the 


•f-  Wc  perceive  the  great  influence  cflcclcfl  by  this  transmiuion  through  ani- 
mal tiaaoca  on  the  colour  of  heematin,  in  the  fine  blue  colour  ai»uinc<i  by  the 
brown,  renoua  blood,  when  ahining  through  the  veina,  akin,  fcc. 
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niilk-wliite  chyle  from  the  thoracic  duct ; but  I consider  it 
merely  as  the  result  of  the  production  of  oxy-protein. 

The  dark  colour  of  the  blood  in  the  vena  portalis, — to  ac- 
count for  which  recourse  was  formerly  had  to  carbon,  as  if 
blood  contained  charcoal — may  he  deduced,  in  the  way  above 
described,  from  the  nature  of  the  cellular  membrane  of  the 
blood-corpuscles.  The  darker  colour  of  the  blood  in  the 
vena  portalis  is  attributable  to  the  existence  of  a somewhat 
larger  quantity  of  carbonic  acid  (or  of  alkali),  because  the 
membrane  of  the  small  bodies  becomes  more  gelatinous  and 
transparent,  in  consequence  of  such  an  increase 

It  is  known,  that  even  fibrin  and  albumen  are  first  reduced 
to  a jelly,  before  they  are  dissolved  by  diluted  acids.*  When, 
therefore,  carbonic  acid  is  passed  through  bright  red  blood- 
corpuscles,  difiused  in  water,  the  white  envelope  must  become 
transparent  and  gelatinous ; and  the  natural  dark  red  colour 
of  the  hoematin  must  appear. 

Though  this  change,  effected  by  an  artificial  process,  seems 
to  explain  the  darkening  of  the  colour  of  the  blood  in  the 
capillary  system,  it  has  no  resemblance  whatever  to  the  pro- 
cess going  on  in  the  capillary  system,  where  the  carbonic 
acid,  the  moment  it  is  set  free,  combines  with  the  alkali  in 
the  blood,  and  does  not  make  the  serum  acid,  as  occurs  when 
carbonic  acid  is  passed  through  blood  in  water.  Thus  the 
carbonic  acid  cannot  be  the  agent  by  which  the  membrane  of 
the  corpuscles  of  venous  blood  is  made  transparent ; this  acid, 
therefore,  cannot  be  reckoned  among  the  causes  which  pro- 
duce the  dark  colour  of  venous  blood.  For  the  same  reason, 
the  shape  of  the  blood-corpuscles  in  venous  blood  must  differ 
from  that  in  blood  mixed  with  water,  through  which  an  excess 
of  carbonic  acid  has  been  passed.  Venous  blood  must  contain 
a thinner  membrane,  a more  globular  cell ; in  blood  mixed 
with  water,  artificially  impregnated  with  an  excess  of  carbo- 
nic acid,  a gelatinous  transparent  cellular  membrane  must  be 
found. 

Finally,  the  reddening  of  dark  coloured  blood  by  concen- 


* ScLcikund.  Oiidm.  Decl  1.  p.  576. 
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trated  saline  solutions  ought  undoubtedly  to  be  ascribed  to  a 
kind  of  coagulation,  which  the  cellular  membrane  of  the  blood- 
corpuscles  undergoes.  This  phenomenon  has  no  relation  to 
the  reddening  by  oxygen,  but  agrees  with  it  so  far,  that  the 
membranes  become  white  in  both  cases.  In  the  one  case, 
however,  they  become  white  by  oxidation,  and  probably  by 
the  condensation  of  a new  layer  on  the  surface ; in  the  other 
case,  by  the  contraction  of  the  membrane  itself.  The  pro- 
perty of  globulin,  to  become  contracted  by  sulphate  of  soda, 
saltpetre,  &c.,  is  of  much  importance.  It  is  one  of  the  most 
powerful  proofs,  that  globulin  has  a distinct  existence,  and 
does  not  take  a large  share  in  the  change  of  the  materials  of 
the  body.  . 

I have  shown  elsewhere*  that  oxygen  is  taken  up  in  the 
lungs  by  the  protein-compoimds  of  the  blood.  Hematin 
probably  performs  no  part  whatever  in  respiration ; for  no 
change  is  effected  on  its  colour  either  by  oxygen,  car- 
bonic acid,  or  protoxide  of  nitrogen,  and  only  a very  slight 
one  by  sulphurous  and  hydro-sulphuric  acida  This  appears 
from  experiments,  which  I made  with  haematin  in  a separate 
statei" — experiments  which  suggested  my  doubts  with  respect 
to  the  oxidation  of  haematin  in  the  lunga^ 

It  is  not  so  easy  to  be  explained  where  haematin  is  formed, 
and  what  becomes  of  it  It  is  unquestionably  a secretion 
from  the  vesicle  of  the  blood-corpuscles,  and  as  we  may 
assume  with  great  probability  that  those  corpuscles  originate 
from  globules  of  lymph,§  haematin  must  be  formed  within  the 
' range  of  the  circulation  itself  from  one  of  the  constituents  of 
the  blood. 

In  regard  to  its  reproduction,  waste,  and  restoration,  we 
may  consider  these  to  be  as  certain,  as  in  the  case  of  all  the 
other  organic  constituents  of  the  body.  The  purpose  of  its 


* Schelkund.  Onderz.  Oeel  I.,  p.  S60. 
t Bulletin,  1889,  p.  79. 

; Bulletin,  1839,  p.  82. 

S Julius  Vogel  asserts  that  he  has  seen  a formation  of  corpuscle*  of  the 
Mood  in  Fungus  medullaris.  leones  Histologice  Pathologic^,  Tab.  5.  1 coo* 
older  this  not  likely. 
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exi.stence,  however,  is  still  uncertain,  since  the  only  ground  for 
jiresuming  that  it  was  of  use  in  respiration  has  been  set  aside. 
We  are  therefore  ignorant  also  of  the  transformations  which 
it  undergoes  in  the  body.  It  is  likely,  however,  that  the  pro- 
ducts of  its  decomposition  are  to  be  found  in  the  bile  ; and 
j>erhapsthe  bilifiilvin  may  originate  from  haematin,  which  has 
served  its  purpose  in  the  body. 

It  is  not  likely  that  haematin  undergoes  a rapid  re-pro- 
duction. Being  entirely  enclosed  in  vesicles,  it  does  not  sepa- 
rate until  the  walls  of  those  vesicles  are  dissolved.  This 
view  is  confirmed  by  the  apparently  high  degree  of  stability 
which  is  possessed  by  the  blood-corpuscles. 

We  have  lastly  to  answer  the  question,  whether  hiematin 
i.«  present  in  the  blood  globules  in  a state  of  chemical  combi- 
nation, or  in  an  entirely  free  state  ? 

We  have  discovered  a combination  of  sulpho-proteic  acid 
with  haematin  free  from  iron — a constant  combination  ex- 
tracted from  blood  by  sulphuric  acid.  It  may  l)e  really  pre- 
sent therefore  in  those  corpuscles,  in  the  state  of  a chemical 
combination  with  a protein  compound.  This  is  still  more  con- 
firmed by  the  obstinacy  with  which  the  colouring  matter  is 
retained  by  red  serum  when  coagulated  by  heat. 

It  is,  however,  not  known  what  kind  of  combination  it 
forms  in  the  corpu.scles  of  the  bhx)d,  nor  what  its  physiolo- 
gical relations  are. 

W’hat  I have  stated  as  to  the  colouring  matter  of  the  blood 
has  been  mentioned  only  for  the  purpose  of  modifying  the 
prevailing  ideas  as  to  its  functions.  It  is  not,  I think,  one  of 
those  substances  which  perform  a principal  part  in  the  or- 
ganism, and  it  ought  not,  properly  speaking,  to  have  been 
treated  of  here.  It  is  generally  considered  of  importance  in 
a chemico-physiological  point  of  view,  an  opinion  in  which  1 
«lo  not  concur. 

The  substances  now  enumerated,  as  far  as  we  know  at  pre- 
sent, and  we  may  state  this  with  great  probability,  constitute 
the  chief  component  parts  of  plants  and  animals.  Both  king- 
doms, however,  contain  an  almost  incalculable  number  of  other 
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substances  in  addition  to  these.  In  plants,  there  are  acids 
of  difl’erent  characters,  bases,  colouring  matters,  bitter  sub- 
stances without  nitrogen,  volatile  oils,  and  resins ; but  all 
these  are  not  to  be  classed  among  the  substances  which  are 
common  to  all  plants.  We  shall,  therefore,  return  to  these, 
when  treating  of  the  different  functions  of  plants, — those 
functions  by  which  they  are  produced.  A great  many  of  the 
animal  substances  also  act  an  important  part  in  the  functions 
of  the  several  organs.  To  these  belong  especially  the  secre- 
tions ; they  are  products  formed  from  the  decomposition  of 
the  general  constituents  of  the  animal  body,  and  are  there- 
fore worthy  of  our  particular  attention.  We  shall  treat  of 
these  when  we  come  to  consider  the  functions  themselves. 
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CHAPTER  Vn. 

CONSTITUENTS  OP  THE  ORGANISED  KINGDOM 
HAVING  PECULIAR  FORMS. 

A.  Elementary  Forme  of  Organised  Parts. 

We  have  in  the  former  chapters  considered  the  general  ma- 
terials that  constitute  the  organic  kingdom.  Although  we  have 
repeatedly  drawn  attention  to  the  peculiar  form  which  they 
sssume,  yet  this  form  is  worthy  of  a more  particular  consider- 
ation. It  is  especially  the  form  assumed  by  the  substances, 
of  which  the  smallest  constituent  parts  of  the  organs  are  com- 
posed, that  requires  investigation.  These  substances  are 
either  simple  organic  bodies,  or  combinations  of  several  of 
these  bodies  together. 

The  characteristic  property  of  organised  parts  is,  the  per- 
formance of  a certain  (unction.  By  this  property  they  are,  as 
it  were,  directly  opposed  to  the  unorganised  parts : for  as  the 
former  are  continually  in  a state  of  transformation,  a state 
which  is  necessarily  connected  with  the  performance  of  a 
(unction — so  it  is  inseparable  finm  the  existence  of  the  latter, 
that  they  remain  permanently  in  the  same  condition,  pro- 
vided that  condition  be  not  changed  by  external  causea 

We  need  not  explain  what  is  meant  by  the  term  “ func- 
tion.” In  a general  sense,  it  is  the  manifestation  of  an  ac- 
tion externally,  whether  that  action  be  the  production  of  a 
new  substance  or  a simple  motion.  These  manifestations, 
whatever  may  be  their  nature,  are  not  only  peculiar  to  living 
bodies,  but  they  are  essential  to  every  organised  molecule 
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■which  contributes  to  the  production  of  a living  body.  Such  a 
body  is  able  to  present  itself  as  a substantive  whole,  and  to 
perform  functions,  which  must  be  regarded  as  the  sum  of 
the  functions  of  the  molecules.  (P.  83.) 

When  we  survey  the  constituent  materials  of  the  organic 
kingdom,  and  perceive  how  small  their  number  is,  how 
few  the  means  are  through  which  an  incalculable  variety  is 
attained,  the  conclusion  seems  obvious,  that  it  is  not  diffe- 
rence of  material,  numerous  as  its  chemical  peculiarities  may 
be,  that  can  produce  such  a variety.  Vegetable  substances, 
apparently  identical,  not  only  present  themselves  under  en- 
tirely different  forms,  but  they  also  produce, — in  the  poppy, 
for  instance, — certain  bodies  which  are  entirely  different  from 
those  produced  either  in  the  aconite  or  in  the  oak-tree  ; — nay, 
in  different  organs  of  the  same  plant,  they  ^ve  rise  to  en- 
tirely different  products,  and  perform  entirely  different  func- 
tions. The  same  observation  applies  to  the  chief  constituent 
parts  of  the  animal  kingdom. 

But  although  the  observation  of  material  identity  united 
with  dynamic  difference  in  a certain  substance  seems  to 
impel  us  to  the  conclusion,  that  a function  cannot  be  a mani- 
festation of  force  by  a chemical  substance  at  sucfi ; it  is,  how- 
ever, conceivable,  that  all  the  primary  causes  of  the  actions 
performed  by  any  substance,  may,  in  the  end,  be  brought 
home  to  the  peculiarities  of  .matter  itself 

In  the  most  general  sense,  a function  is  a manifestation  of 
a certain  phenomenon.  If  it  be  true  that  this  cannot  be  effected 
by  matter  by  means  of  the  forces  which  are  either  stored  up 
or  capable  of  being  awakened  in  it,  unless  this  matter  has 
assumed  certain  forms,  then  this  form  is  a condition  as  in- 
dispensable to  the  performance  of  the  function,  as  is  the 
nature  of  the  substance  which  takes  that  form.  If  any  vege- 
table or  animal  tissue  be  destroyed  by  a mechanical  force, — if 
a single  membrane  of  a cell  be  injured  by  a pointed  body, — 
this  tissue  or  this  membrane  will  immediately  cease  to  per- 
form its  normal  functions  and  to  maintain  itself 

We  have  learned,  by  a successful  observation  of  natjire, 
that  in  the  organic  kingdom  the  form  of  an  organised  part 
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is  of  as  much  importance  as  its  material  to  the  performance 
of  its  function.  We  find  that  minute  differences  of  material 
give  rise  to  difference  in  form,  and  that  minute  differences  *>  ■ ■ 

in  form  are  followed  by  a difference  in  material.  Form  and  y 
matter,  matter  and  form,  are  so  intimately  united  in  the 
actions  of  organic  nature,  that  it  would  be  scarcely  possible  to 
determine  which  is  the  primary  and  which  the  secondary  con- 
dition. Hence  the  importance  of  microscopical  investigations 
into  the  structure  of  large  organs,  even  in  their  most  trifling 
peculiarities ; — in  other  words,  of  studying  the  forms,  under 
which  substances,  apparently  Identical  in  a chemical  sense, 
present  themselves,  enabled  as  they  are  by  difference  in 
form,  to  perform  entirely  different  functions. 

If,  however,  we  enter  somewhat  more  deeply  into  the  ori- 
gin of  differences  in  form  among  apparently  identical  chemical 
substances,  the  undeniable  maxim,  “ that  where  causes  are 
the  same,  effects  must  be  the  same  also,”  compels  tis  as  it 
were  to  conclude,  that  the  same  substance  can  assume  only 
one  form  ; that,  therefore,  difference  of  form  must  be  ac- 
companied by  difference  of  matter.  But  those  differences 
can  be,  and  really  are,  of  a very  different  nature.  The  most 
trifling  heterogeneous  immixture  present  in  any  universal 
constituent  of  the  whole  vegetable  and  animal  kingdoms, — in 
the  cellular  matter,  for  example, — makes  it  essentially  different, 
and  accounts  for  differences  in  form  which  arise  from  that 
variation  alone.  Those  differences  would  otherwise  indicate 
such  deviations  from  what  we  observe  in  nature,  that  we 
should  be  inclined  to  consider  them  as  unnatural. 

Of  such  differences  there  exists  an  immense  number.  Many 
of  the  so-called  inorganic  constituents  of  the  organized  bodies  , 

are,  no  doubt,  the  cause  of  their  production ; for  when  we 
find  a small  difference  in  the  proportion  of  lime,  magnesia, 
or  any  other  base  in  the  same  cellular  matter,  of  which  the 
various  cellular  systems  of  a plant  are  composed,  then  the 
materials  of  which  one  system  is  composed  are  no  longer  iden- 
tical with  those  of  which  the  others  are  built  up,  provided  the 
lime,  magnesia,  &c , are  chemically  combined  with  the  cellular 
matter.  It  appears  to  be  certain  that  such  minute  quantities 
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of  these  so-called  inorganic  constituents,  are  really  in  inti- 
mate combination  with  the  same  cellular  matter  of  the  rari- 
ous  cells  of  a plant;  for  it  is  extremely  difficult  to  remove 
these  bases  from  paper  and  from  woody  substances.  Paper, 
though  heated  repeatedly  with  hydrochloric  acid,  always 
• leaves  a weighable  quantity  of  ash,  by  which  the  chemist  in 
his  quantitative  analyses  is  often  materially  disturbed.  The 
proportion  and  composition  of  this  ash  are  different  in  dif- 
ferent kinds  of  organic  tissue,  and  no  doubt  are  also  diffe- 
rent in  the  different  kinds  of  elementary  forms,  from  which 
these  tissues  are  produced..  If,  therefore,  the  same  cellular 
matter  is  used  in  plants  to  form  very  different  systems  of 
cells,  we  are  in  the  wrong  to  assume  that  those  different  forms 
consist  of  the  same  materials.  As  the  chemical  tendency  of 
every  base,  and  of  every  different  quantity  of  the  same  base 
is  different,  it  must  produce  an  effect  different  in  nature  from 
that  caused  by  another  base,  or  another  quantity  of  the  same 
base,  though  united  with  the  same  cellular  matter.  This 
effect  is  characterised,  first,  by  making  the  same  cellular  mat- 
ter assume  different  forms,  and  secondly,  by  making  it  exer- 
cise a different  influence  on  other  bodies,  and  so  causing  it  to 
produce  a variety  of  different  substances  owing  to  those 
different  forma 

Ail  we  have  just  stated  with  regard  to  the  cellular  matter 
of  plants,  is  also  applicable  to  that  of  animala  The  gela- 
tinous -tissue  has  a prominent  place  in  animala  The  serous 
membranes,  the  tissue  of  the  epidermis,  the  cellular  tissue 
beneath  the  epidermis,  and  that  of  which  the  bones  are 
composed,  all  consist  of  gelatinous  tissuea  If  the  matter 
that  can  assume  those  four  external  forms  were  completely 
identical,  no  difference  either  in  form  or  in  function  could 
exist  On  the  other  hand,  a difference  in  form  and  function 
indicates  a chemical  difference  either  in  the  composition  or 
in  the  constitution  of  a substance.  Both  the  composition 
and  constitution  of  the  gelatinous  matter,  wherever  it  is 
found  in  the  animal  body,  are  the  same ; but  what  arc  com- 
monly called  admtxturet  are  different  in  different  tissues^ 
and  therefore  this  gelatinous  matter  cannot  be  always  called 
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the  same  animal  substance  in  an  organic  sense.  A small 
difference  in  the  proportion  of  basic  phosphate  of  lime, 
3Ph  0«  + 8CaO, 

changes  it  immediately  into  another  chemical  substance  in 
the  animal  body — produces  a difierent  relation  among  its 
elementary  parts,  so  that  as  a whole,  it  assumes  a different 
appearance — ^makes  it  perform  other  functions — and  thus 
gives  rise  to  those  differences  which  could  not  exist,  did  the 
substance  remain  the  same. 

Since,  therefore,  we  see  in  the  organic  kingdom  so  many 
different  forms  produced  by  the  same  organic  substances  when 
combined  with  different  inorganic  substances,  and  such  very  dif- 
ferent functions  performed  bythe  same  organic  groups,  chemists 
ought  to  make  it  their  task  to  examine  those  admixtures 
hitherto  neglected,  which,  in  all  our  analyses,  we  are  accustom- 
ed to  designate  by  the  unworthy  name  of  a*h.  When  the  ele- 
mentary tissues  are  destroyed  and  this  ash  is  examined,  the 
paradoxical  idea, — which  now,  to  the  great  disadvantage  of 
science,  is  gradually  gaining  ground,  that  similar  substances 
produce  dissimilar  ones, — will  vanisL  Thus  an  end  will  be 
put  one  day  to  that  predominant  hunting  after  the  discovery 
of  identity,  by  which  some  chemists  are  now  so  powerfully 
governed.  True  it  is,  that  the  materials  of  the  organic  king- 
dom are  but  few  in  number,  but  the  inorganic  admixtures 
are  infinitely  variable  in  nature  and  proportion,  and  hence  the 
substances  resulting  from  their  combination,  os  they  exist  in 
organic  nature,  are  infinitely  variable  also. 

I will  not  repeat  here  what  has  been  remarked  before, 
(p.  314),  with  regard  to  the  difference  between  the  albumen 
and  fibrin  of  the  blood,  a difference  of  0.3  per  cent,  of  sulphur, 
which,  however,  is  sufficient  to  cause  the  difference  between 
these  bodies  ; nor  do  I repeat  what  has  been  said  (pp.  61-63 
and  73),  about  the  different  arrangements  of  the  same  organic 
molecules,  by  which  a substance  may  be  identical  with  others 
in  its  composition  and  in  its  reactions,  but,  at  the  same  time, 
chemically  different  in  a dynamical  point  of  view.  I refer, 
however,  to  the  places  just  mentioned,  because  the  explana- 
tions there  given  will  equally  apply  to  those  polymorphic 
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conditions  which  we  observe  among  organic  substances ; and, 
therefore,  I am  convinced  that  tliere  is,  in  the  organic  king- 
dom, no  difference  of  form  in  any  tissue  which  is  not  based  on 
an  essential  difference  in  the  materials  constituting  that  tissue. 

The  invaluable  investigations,  which  of  late  years  have 
been  made  with  the  microscope,  have  proved,  that  organs 
performing  the  same  functions  consist  of  the  same  kind  of 
tissue  ; whilst  those  performing  different  functions  consist  of 
different  tissues.  This  leads  to  the  just  conclusion,  that 
the  form  of  the  parts  of  which  an  organ  is  built  up,  or  by 
which  a function  is  performed,  is  in  close  connection  with 
that  function  itself,  and  that,  on  the  other  hand,  the  func- 
tion is  dependent  upon  the  form.  If  the  form  be  really  de- 
pendent on  matter  and  the  forces  residing  therein,  the  func- 
tion is  dependent  upon  this  also.  In  organic  nature,  there- 
fore, matter,  form,  and  function  go  together,  and  the  one 
being  different,  the  other  will  necessarily  be  different  also. 

This  view  of  the  subject  applies  as  well  to  all  the  sickly 
conditions  of  any  organ,  or  of  the  whole  organism,  as  it  does 
to  all  the  healthy  functions  of  plants  and  animals.  The 
connection  existing  between  different  organs  of  the  animal 
body  by  nerves  and  vessels,  and  both  of  the  animal  and 
vegetable  body  by  cells,  is  of  such  a kind,  that  Bichat’s  wish 
— that  the  organism  might  some  day  be  made  divisible  into 
such  simple  parts,  that  conceptions  of  vital  action  might 
be  attached  to  them,  equally  simple  as  those  of  gravity, 
elasticity,  &c.,  connected  with  unorganised  bodies, — will  pro- 
bably never  be  realised.  But  although  these  conceptions 
will  never  attain  the  greatest  possible  simplicity,  as  regards 
the  connection  of  the  constituent  parts  in  an  organic  whole ; 
we  can,  nevertheless,  approach  to  that  simplicity,  and  we 
do  approach  to  it  now  that  we  have  commenced  to  establish 
a connection  between  fonn,  matter,  and  function. 

For  these  reasons  a brief  survey  of  the  elementary  forms 
of  organised  parts  is  at  present  peculiarly  suitable.  Where 
we  have  as  yet  but  insufficient  knowledge  of  the  mutual 
connection  of  fonn,  matter,  and  function,  which  is  too  often 
the  case,  it  will  be  useful  to  become  acquainted  w'ith  the 
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forms,  though  It  be  only  as  a part  of  the  chemical  history  of  the 
organic  body.  The  chemist  ought  to  see  something  more 
than  gelatine  in  gelatinous  tissue,  and  the  histologist  some- 
thing more  than  fibres  of  a determined  form.  It  appears  to 
me,  that  it  is  equally  necessary  for  the  chemist  to  know  the 
elementary  forms  of  the  tissues,  as  to  know  that  alum  crys- 
tallises as  an  octohedron. 

It  is  chiefly  to  the  investigations  of  Schleiden,*  and  of 
Schwann, -f-  that  we  are  indebted  for  our  knowledge  of  the 
elementary  forms  of  the  organised  parts  of  plants  and  animals. 
This  knowledge,  though  now  elevated  to  a separate  science, 
ought  to  be  slightly  sketched  here. 

The  whole  organism  is  composed  of  a great  number  of 
small  particles,  of  which  the  origin  and  appearance  are  the 
same  in  plants  as  in  animals.  These  are,'  however,  united 
together  according  to  rules  which  are  fixed,  but  difierent ; 
and  hence  give  rise  to  differences  not  only  between  these 
two  kingdoms,  but  between  difierent  organs  of  the  same  plant 
or  animal.  Those  small  particles,  therefore,  visible  only  by 
the  assisted  eye,  are  identical  in  form  and  developement,  but 
their  combinations  vary,  and  so  do  the  functions  performed  ^ 
by  them,  because  the  matter  of  which  they  consist  is  dif- 
ferent 

Among  their  first  actions  are  to  bo  reckoned  their  mutual 
combinations,  and  the  transformations  which  they  themselves 
undergo  through  each  other’s  influence.  Although  the  dif- 
ferent substances  of  which  they  consist  in  plants  and  animals, 
and  in  their  several  organs,  can  be  divided  only  into  two  main 
groups,  yet  they  produce,  when  combined,  the  appearance  of 
totally  difi’ereut  bodies,  of  which  the  actions  are  as  difiTerent, 
as  are  the  combinations  produced  by  the  same  elementary 
forms.  Wherever  in  the  vegetable  or  animal  kingdom  tissues 
are  found,  they  are  simply  groups  of  the  same  elementary 
forms  which  organized  substances  assume.  As  the  functions 
of  these  tissues  are  difierent,  so  is  the  manner  in  which  the 
elementary  forms  are  arranged. 


• ScfalcidcD,  in  MUllcr'n  Archiv.,  1838,  p.  137.  Btitrajje  Zur  rb)'togoDe«ii. 
t Mikro«k.  I'ntenuchungcn,  Berlin,  1839. 
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When  treating  of  the  organic  parts  combined  into  one 
whole,  and  which  then  perform  a combined  function,  we 
must,  therefore,  distinguish,  1°,  the  elementary  forms  which 
the  organic  substances  assume ; 2°,  the  manner  in  which 
these  elementary  forms  are  changed ; and  8°,  the  manner  in 
which  the  secondary  forms  are  combined  with  each  other. 
The  latter  is  called  the  doctrine  of  titeuet. 

The  elementary  forms  which  organic  substances  assume 
when  in  the  act  of  organisation,  are  generally,  according  to 
some  always,  little  vesicles  which  can  be  perceived  only  under 
the  microscope.  They  are  called  elementary  cells,  kernel 
cells,  primary  cells.  These  are  the  original  forms  from  which 
all,  or  at  least  the  greater  part  of  the  tissues  appear  to  be 
derived.  In  the  simplest  form  which  they  possess,  when 
found  in  growing  vegetable  and  animal  parts,  they  are  small 
microscopical  vesicles  filled  with  a fluid.  That  fluid  is  often 
granular;  the  vesicle  is  formed  of  a thin  membrane  in  which 
a kernel  or  nucleus  is  to  be  seen, — pretty  generally  in 
animal  cells,  but  in  vegetable  cells  chiefly  when  they  are 
newly  produced  It  is  this  elementary  form  found  in  so 
many  tissues  of  plants  and  animals,  by  which  organised 
substances  are  distinguished  from  unorganised,  and  from 
which  the  most  different  organised  bodies  are  produced  In 
a word,  from  this  form  the  organic  kingdom  originates,  and 
by  it,  it  is  sustained 

This  almost  universality  of  the  same  elementary  form 
assumed  by  the  most  different  chemical  bodies,  when  in  the 
act  of  organisation,  is  highly  remarkable.  Schleiden  has  ob- 
served it  in  vegetable,  and  Schwann  in  animal  parts,  and  it 
appears  to  be  identical  in  both.  It  has  been  recognised  in  all 
kinds  of  animal  fluids,  for  instance  in  the  corpuscles  of  the 
blood,  in  the  lymph,  mucus,  pus,  and  in  almost  all  tlie  solid 
parts  of  the  body.  Even  the  embryo  of  a new  being  is  merely 
such  a vesicle  filled  with  liquid,  and  containing  a kernel  A 
great  number  of  philosophers,  among  whom  Purkinje,  Valen- 
tin, Henle,  and  Turpin  stand  prominent,  have  paved  the  way 
to  this  discovery  for  Schleiden  and  Schwann.  The  two  latter 
have  enlarged  it  to  the  greatest  extent,  and  have  laid  down 
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as  a general  rule,  that  under  the  microscope  we  observe  in  all 
growing  organised  substances  always  and  ever  the  same  ele- 
mentary form,  from  which  everything  is  afterwards  produced. 

The  investigation  of  these  elementary  cells  has  shown,  that 
if  their  walls  are  dissolved  by  any  liquid,  the  kernel  is  al- 
most always  left  behind.  This  kernel  has,  therefore,  an  ex- 
istence of  its  own  ; it  is  called  eytobkut,  nucletu.  Sometimes 
it  exhibits  one,  two,  or  more  dark  little  spots  which  have  the 
name  of  nucleoli.  We  are  not  fully  certain  of  the  nature  of 
these  nucleoli,  and  it  cannot  yet  be  made  out  whether  they 
are  openings,  vesicles,  or  solid  little  spherea  They  are  situ- 
ated at  the  internal  wall  of  the  kernel 

The  kernels  themselves  are  considered  as  little  cells ; they 
are  united  with  the  cell,  and  constitute  a very  perceptible 
part  of  it 

The  cells  themselves  are  surroimded  by  a fluid  of  variable 
liquidity,  which,  as  the  tissue  grows  older,  increases  in  con- 
sistency, finally  becomes  solid,  and  constitutes  the  material 
by  which  the  cells  are  connected  together. 

The  manner  in  which  the  cells  or  main  forms  of  the  or- 
ganic kingdom  are  produced,  is  thus  represented.  In  a shape- 
less, consistent,  sometimes  almost  gelatinous  mass,  to  which 
the  name  of  eytobUutema  has  been  given,  containing  the  ' 

materials  requisite  for  the  production  of  cells,  small  round 
grains  (nucleoli)  are  perceived  in  the  act  of  formation.  . 

Round  these  grains  a layer  of  a granular  matter  is  deposited 
which  continually  increases  in  thickness,  and  constitutes  the 
kernel  (nucleus).  This  kernel  is  an  oval  shaped  or  round 
little  body  which  is  almost  always  opaque,  and  has  a granu- 
lar surface.  It  is  considered  to  he  a vesicle,  a little  cell  itself 
From  the  surface  of  this  kernel  a small  vesicle  is  raised,  ap- 
pearing as  a segment  of  a sphere.  This  vesicle  is  very  thin 
and  transparent  In  the  beginning  it  is  smaller  than  the 
kernel  but  it  soon  expands  itself,  and  becomes  so  laige  that, 
when  it  is  full  grown,  the  kernel  lies  as  a minute  corpuscle 
upon  its  interior  waft  The  material  from  which  this  vesicle  is 
produced  is  supplied  by  the  cytoblastema,  and  converted 
into  a vesicle  by  the  kernel  Thus  it  appears,  that  the 
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nucleolus  is  formed  first ; its  embryo  must  exist  in  the  cyto- 
blastema,  the  thick  organic  fluid.  The  first  trace  of  organi- 
sation is  the  production  of  a small  perceptible  body, — this 
nucleolus — which  deposits  upon  its  surface  a granular  sub- 
stance from  the  cytoblastema  to  give  rise  to  a little  pro- 
ducing organ,  the  kernel  or  nucleus.  This  kernel  transforms 
the  cytoblastema  into  a granular  substance,  adhering  to 
its  surface,  and  from  which  the  cellular  membrane  originatea 
Whilst  the  granular  substance  of  the  cytoblastema  becomes 
more  and  more  condensed  by  the  nucleus  around  its  surface, 
this  membrane  is  at  the  same  time  expanded,  filled  with  a 
liquid,  enlarged  and  thus  transformed  into  a vesicle  in  which 
the  kernel,  the  producer  of  the  vesicle,  remains  enclosed. 
The  kernel  and  the  nucleolus  remain  adhering  to  a certain 
spot  of  the  cell-wall,  whilst  the  cell  is  filled  with  a liquid 
varying  according  to  the  nature  of  the  organs  which  are  to 
be  produced  from  it 

If  two  nucleoli  lie  close  to  one  another,  the  granular  mat- 
ter which  each  of  them  produced,  runs  together  and  becomes 
one  solid  mass.  Each  nucleolus  continues  to  secrete  its  own 
liquid,  but  as  the  exterior  layer  of  this  liquid  has  solidified 
into  a common  one,  from  which  the  wall  of  the  cell  kernel  is 
formed,  only  one  cell  is  produced,  containing  one  kernel  and 
two  nucleoli 

If  we  assent  to  this  view  of  the  formation  of  the  cells,  which 
is  represented  by  Schleiden  and  Schwann,  though  not  entirely 
approved  by  Henle*  and  others,  we  are  obliged  to  pre-assume 
that  there  must  always  be  a kernel  present  in  the  cells.  In 
the  cells  of  many  cellular  systems,  however,  whilst  in  the  act 
of  formation,  no  kernel  is  perceived,  or  at  least  in  their  ker- 
nels no  nucleoli  are  found.  Such  cells  occur,  for  instance,  in 
the  cryptogamia,  in  many  phanerogamia,')'  and  also  in  animal 
bodies.  Schwann  accounts  for  this  by  supposing  the  absorji- 
tion  of  the  kernel  of  the  nucleolus  after  the  cell  has  been 
duly  formed. 

These  and  other  observations  cause,  as  yet,  much  diffe- 
rence of  opinion  among  botanists  and  zoologists,  as  to  the  pro- 

• I>jhre  von  don  Qe«eb«,  Leipzig,  1841,  S.  154. 

+ Wiegmann'i  Archiv.  1839,  Hd.  2,  S.  19. 
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bability  of  the  explanation  we  have  given  above  of  the  for- 
mation of  cells.  Those  who  are  engaged  in  the  investigation 
of  the  origin  of  animal  tissues,  generally  attach  themselves 
to  the  views  of  Schleiden  and  Schwann,  more  than  the 
botanists  do ; — at  least  they  consider  kernels  as  generating 
groups  of  molecules,  although  these  kernels  in  the  animal 
organism  do  not  always  produce  cells,  but  often  bodies  of  a 
different  shape.  In  many  vegetable  cells  it  is  difficult  to  find 
kernels,  but  in  animal  tissues,  when  in  the  act  of  formation, 
this  is  very  easy.  Even  in  elementary  parts  of  animals  which 
have  long  since  lost  the  cellular  form,  and  have  assumed 
an  entirely  different  shape,  the  remnants  of  kernels  are  very 
frequently  found. 

Some  botanists  do  not  make  any  mention  of  the  cell-ker- 
nel, as  an  original  and  active  part ; at  least,  they  attach 
no  value  to  its  appearance.  Mirbel,  for  instance,  states  that 
a mucilaginous  substance,  called  cambium  by  him,  (Schlciden’s 
cytoblastema,)  whilst  becoming  granular  and  gelatinous,  has 
the  appearance  of  little  flocks,  which,  on  closer  inspection 
appear  to  be  cavities  (to  which  he  gives  the  name  of  cellular 
cambium).  These  cavities  increase  in  size,  and  constitute  the 
cella  The  cambium  is  present  both  in  and  without  the  cells. 
It  is  produced  from  the  vegetable  juices  that  are  the  most 
highly  organised,  and  among  the  dicotyledons,  in  woody 
plants,  it  is  internally  secreted  by  the  inner  bark  (liber). 

The  explanation  which  Mirbel  has  given  to  the  formation 
■ of  cells,  scarcely  deserves  that  name.  As  the  phrase  vegetable 
juices  that  are  the  most  organised  means  nothing,  it  does  not 
bring  us  any  farther  on  our  way.  Mirbel,  however,  does 
not  speak  at  all  of  the  kernel,  as  an  active  organ  of  the 
cell  itself,  and  thus  he  in  fact  rejects  what  Schleiden  and 
Schwann  have  established  in  regard  to  the  formation  of  cells. 
Jussieu  and  others  reckon  the  kernel  only  among  the  con- 
tents of  the  cell,  and  therefore  give  it  no  value  whatever  as 
a generating  organ.  My  experience  in  this  respect  is  far  too 
small  to  enable  me  to  pronounce  any  decisive  opinion. 

As  regards  the  so-called  cambium,  the  name  has  been  ap- 
plied to  different  things  at  different  periods  of  the  more 
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recent  scientific  investigations.  In  herbaceous  plants  it  is 
the  source  from  vrhich  a great  many  organs  are  produced 
and  nourished,  and  is  highly  worthy  of  consideration.  In 
other  plants  it  possesses  properties  different  from  those 
which  it  exhibits  in  the  herbaceous  ; nay,  it  is  different  for 
every  genus, — for  every  species.  Hence  the  reason,  why  not 
only  the  general  but  also  the  specific  substances  which  plants 
contain  are  to  be  found  in  the  cambium. 

It  is  usually  semi-transparent,  filled  with  little  globules. 
Mirbel  and  Payen  call  it  matHre  globulo-cellulaire.* 

In  young,  and  in  all  herbaceous  plants  it  is  very  rich  in 
nitrogen,  owing  to  the  presence  of  albumen,  legumin  (?)  &&, 
which  it  holds  in  solution.  It  contains  the  material  for  the 
production  of  cellulose  in  the  state  of  dextrin ; besides  starch, 
gum,  sugar,  mannite,  and  perhaps  also  those  substances  which 
are  deposited  in  layers  upon  the  cell-walls,  such  as  extractive 
matters,  salts,  acids,  &c. 

Thus  it  is  evident,  that  the  term  cambium  means  the  same 
thing  in  plants,  as  cytoblastema  in  the  whole  organic  king- 
dom, viz.,  a substance  containing  the  materials  from  which 
cells  can  be  produced. 

What  may  be  regarded  as  established  concerning  this  sub- 
stance is,  that,  in  plants,  the  chief  constituent  it  contains,  is 
cellulose  in  a soluble  state,  or  dextrin,  whilst  in  the  animal 
organism  the  formation  of  cells  can  proceed  in  various  ways 
from  bi-  and  tri-oxide  of  protein.  The  active  constituent  of 
the  cytoblastema  in  plants,  therefore,  is  dextrin,  in  animals 
frequently  bi-  and  tri-oxide  of  protein. 

Mohl  has  also  published  a few  observations  on  the  cell- 
kernel,  which  are  at  variance  with  those  of  Schlelden  above 
mentioned.^  Schleiden  states  that  the  cell-membrane  grows 
from  the  kernel,  and  that  the  latter  continues  to  form  a part 
of  the  produced  cell-wall  Mohl,  on  the  other  hand,  thinks 


* CompUs  Bondos,  16  J&n.  1843,  p.  98. 

-f  Bot.  ZcituDg,  19th  April,  1844.  The  Bot.  ZcituDg  of  12th  April,  1844^ 
contains  a brief  account  of  a dissertation  by  H.  Karsicn,  Do  Cclla  vitali,  in  which 
also  Schlciden's  theory  is  rejected.  I have  not  been  able  to  obtain  that  trea* 
tise  before  this  sheet  was  printed. 
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that  the  kernel  is  enclosed  by  the  cell-wall  as  by  a bladder, 
and  does  not  exist  in  the  wall,  but  sometimes  at  a certain 
distance  from  it,  even  when  the  cell  is  in  the  act  of  forma- 
tion. In  such  cases,  therefore,  the  kernel  has  no  direct  con- 
nection with  the  cell-membrane.  Schleiden  further  holds 
that  the  membrane,  which  afterwards  constitutes  the  exterior 
envelope  of  the  cell,  is  the  firtt  produced,  whilst  Mohl  con- 
siders the  primordial  tissue,  (tcfdauch,)  which  afterwards 
entirely  disappears,  as  the  first  cellular  membrane,  (see  here- 
after, C^-MDoU ;)  for,  according  to  Mohl,  in  this  primordial  tis- 
sue, the  kernel  either  lies  within  or  close  to  the  interior  wall, 
and  is  subsequently  detached  from  it, — or  little  threads  are 
thrown  out  from  the  kernel  through  a mucilaginous  envelope, 
by  which  the  kernel  is  connected  with  the  primordial  tissue, 
so  that  the  kernel  is  sometimes  found  in  the  midst  of  the  cell, 
like  a spider  in  its  web.  In  other  instances  the  whole  space 
between  the  cell  and  its  central  kernel  is  filled  with  vesicular 
parts,  of  which  the  walls  consist  of  the  same  mucilaginous 
substance  of  which  the  above  threads  are  composed.* 

According  to  Mohl,  therefore,  the  nucleolus  is  not  the  ge- 
nerator of  the  kernel,  nor  the  kernel  of  the  cellular  mem- 
brana 

Valentin  has  recorded  similar  observations,'!'  and  especially 
this  one,  that  the  kernel  in  some  animal  tissues  does  not  di- 
rectly adhere  to  the  cell-wall,  but  that  threads  proceed 
from  it  in  a cellular  form,  which  are  the  only  means  of  con- 
nection between  the  kernel  and  the  cell-wall,  or  other  con- 
tiguous parts. 

We  are  therefore  as  yet  uncertain  in  what  respect  the  ker- 
nels assist  in  the  formation  of  cells. 

Bergmann  ^ has  further  found,  in  examining  the  eggs  of 
the  frog  and  the  salamander,  that  the  yolk,  at  the  very  com- 
mencement of  its  developement,  consists  entirely  of  granules 
of  equal  size ; that  these  granules  first  arrange  themselves 
in  a few  large  groups,  then  divide  themselves  into  smaller 

* See  hereafter,  CeU-tcaU. 

tWagner’i  Phj*.  WBrterbuch,  p.  62S. 

X Miiller'i  Arehiv.,  1841,  S.  S8. 
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groups,  cemented  together  by  means  of  a viscid  substance, 
and  are  finally  surrounded  by  a vesicle,  whicb  is  the  cell-wall. 
In  this  kind  of  cell-formation  in  these  eggs,  there  are  neces- 
sarily many  nucleoli  present,  which,  together,  are  the  particles 
that  produce  the  contents  of  the  cells,  whilst  the  cell-wall  is 
probably  formed  from  the  viscid  cementing  material  between 
the  little  granules.  If  we  are  to  assume  this  hypothesis  of 
the  cell-formation  in  the  eggs  above  mentioned,  which  is  en- 
tirely different  from  that  represented  by  Schwann  as  taking 
place  in  vegetable  and  animal  tissues,  the  nucleolus  is  not  the 
omni-generating  part, — viz.,  of  the  kernel,  the  contents  and 
the  walls  of  the  cells, — but  a cell  is  an  organic  agglomerate  of 
a large  number  of  small  granular  particles,  having  the  size  of 
0.001  to  0.002  of  a millimeter,  and  which,  when  uniting  to- 
gether in  the  above  manner,  give  rise  to  the  existence  of  a 
primary  cell.* 

Whatever  view  may  be  taken  regarding  this  formation  of  the 
cells, — whether  one  or  more  parent  nucleoli  exist  in  each  of 
them,  or  the  vesicle  be  developed  from  the  kernel,  or  from  an 
agglomerate  of  granules  enclosed  by  the  vesicle,  there  is  no 
doubt  that  these  granules,  from  which  cells  are  formed,  do  ex- 
ist They  are  always  found  wherever  new  cells  are  about  to 
be  produced.  They  are,  therefore,  the  smallest  organised 
molecules  now  known,  and  must  be  regarded  as  the  elemen- 
taiy  forms  of  all  the  organised  masses,  l>ecanse  they  appear  to 
be  indispensable  for  the  formation  of  cells,  and  either  a-initt 
in  their  production,  or  do  really  produce  them.  The  cells  are 
further  to  be  considered  as  the  building  materials  of  the  tissues 
in  plants,  and  of  many  tissues  of  the  animal  organism. 

These  elementary  granules  have  various  forms.  Though 
neither  their  organic  nor  chemical  characters  are  yet  sufficient- 
ly known,  to  enable  us  to  divide  them  into  regular  classes,  or  to 
establish  a connection  between  their  form  and  composition, 
yet  important  differences  have  been  observed  in  their  several 
forms.  In  mucus  and  pus,  for  instance,  where  they  adhere 
together,  they  are,  after  separation,  of  a flattened  appearance. 


• Ilenle,  1.  c.  p.  162. 
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whilst  in  the  yolk  they  are  found  to  be  oval-shaped,  cunei- 
form. and  cubia* 

If  these  different  forms  do  really  exist,  they  represent,  no 
doubt,  so  many  chemically  different  bodies  (p.  73,)  of  which  the 
composition  in  the  hundred  parts  may  be  different,  of  which 
the  elementary  arrangement — though  in  the  yolk  they  may 
be  all  protein  compounds — will  certainly  not  be  the  same, 
and  of  which  the  effects  in  producing  such  a great  variety  of 
forms  are  therefore  to  be  traced  to  substances  of  which  the 
chemical  nature  is  essentially  different ; for  we  have  to  regard 
the  various  forms  assumed  by  those  elementary  granules,  as 
the  effects  of  molecular  arrangement,  just  as  we  do  the 
crystallbation  of  different  chemical  substances.  Those  oval- 
■ shaped,  depressed  and  other  forms  of  the  elementary  granules 
are  as  essentially  connected  with  the  chemical  composition 
and  constitution  of  the  organic  bodie.s,  as  the  crystalline  form 
of  sulphate  of  soda  depends  on  the  formula  RO  SQ3 ; and 
so  together  with  those  various  forms,  the  functions  of  these 
elementary  granules,  though  in  the  normal  secondary  form 
they  might  invariably  be  arranged  into  cells,  are  dependent 
upon  the  chemical  substance  of  which  they  severally  consist 

When,  after  all  this,  the  skilful  and  conscientious  observer, 
Henle,  tells  us,  (p.  1 63)  that  those  elementary  parts  consist  of 
a vesicle  filled  with  fat,  and  that  this  vesicle  is  probably  a 
protein  compound,  we  cannot  help  reflecting,  even  while  we 
pay  due  regard  to  the  arguments  drawn  by  Ascherson,  from 
the  metamorphosis  of  albumen  by  means  of  oil — how  far  we 
are  3’et  removed  from  a thorough  knowledge  of  the  elemen- 
tary forms  of  the  organic  parts.  There  can  be  no  doubt  that 
among  these  elementary  granules  the  greatest  diversity  exists. 
This  diversity  need  not  extend  to  the  substances  produced 
from  them,  yet  it  will  be  more  or  less  in  proportion  to  the 
composition  of  the  tissue  that  is  formed  from  the  cellular 
systems  which  are  produced  from  the  elementary  granules ; 
for  if  the  cells  of  plants  and  the  corpuscles  of  the  blood,  the 
globules  of  starch,  and  the  granules  of  the  pigment  of  the 

* I quote  thin  ob»crT»tion  on  the  authority  of  othen.  It  requires  to  be  re- 
peated. 
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eye,  were  originally  all  vesicles  of  a protein  compound, 
filled  with  fat,  it  would  be  for  ever  impossible  to  institute 
any  investigation  as  to  the  chemical  origin  of  the  several 
tissues— no  intelligible  conception  even  could  ever  be  formed 
of  it 

It  is  very  probable  that  a protein  compound  does  exist  in 
the  elementary  granules,  either  constituting  the  whole  or 
a part  of  the  envelope,  or  contained  as  a solution  within 
the  vesicle.  This  assumption  is  based  on  the  fact  that,  even 
in  the  youngest  organic  products,  both  of  plants  and  animals, 
protein  is  never  absent,  and  therefore  belongs  to  the  first  re- 
quisites of  organisation  ; and  besides,  the  facility  with  which 
protein  can  be  decomposed,  seems  to  render  its  presence  in- 
dispensable for  any  kind  of  organisation.  The  animal  body 
cannot  here  afford  us  an  illustration,  because  it  cannot  ex- 
ist without  protein  ; but  in  the  vegetable  kingdom,  in  which 
non-nitrogenous  substances,  such  as  cellulose,  incrusting 
matter,  dextrin,  starch,  sugar,  pectic  acid,  &c.,  predominate ; 
even  there  it  is  proved  by  experience,  that  organisation  can- 
not take  place  without  the  presence  of  protein.  Even  the 
most  simple  mould  plants, — produced  from  non-nitrogenous 
substances,  such  as  milk-sugar,  tartaric  acid,  and  water,  under 
the  influence  of  atmospheric  air,  (t.  & of  nitrogen)— contain 
protein  from  the  very  first  moment  of  their  production. 

Hence  protein  is  to  be  considered  as  a substance  indispen^ 
sable  to  the  formation  of  cells ; and  it  is  even  very  probable 
that  the  elementary  granules  contain  protein  previous  to 
that  formation,  this  protein  being  the  first  source  of  organic 
action. 

Bnt  we  must  not  allow  ourselves  to  be  deceived  by  the  ap- 
pearance of  possessing  a knowledge  to  which  we  have  not  yet 
attained.  Until  we  are  thoroughly  acquainted  with  the  che- 
mical character  of  those  elementary  granules,  any  pure  chemi- 
cal physiology  must  of  rtecessity  be  defective,  for  these  granules 
are  the  original,  the  fundamental  organa  We  must  attempt 
to  examine  them  by  reagents  and  under  the  microscope,  to 
find  out  what  are  the  definite  forms  they  assume,  to  bring  their 
forms  into  connection  with  their  properties,  and  finally  to  com- 
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pare  these  properties  with  those  recorded  of  peculiar  chemi- 
cal bodies.  67  doing  this,  we  shall  advance  a most  important 
step  on  the  way  to  a knowledge  which  is  destined  to  teach  us 
how  the  building  materials  of  the  organic  kingdom  are  con- 
nected and  transformed. 

We  are  compelled  to  confess  our  ignorance,  not  only  of  the 
composition  of  the  elementary  granules,  but  also  of  the  way 
in  which  they  are  produced.  Probably  they  are  the  first 
organic,  and  certainly,  the  first  organised  substances  produced 
from  the  so-called  inorganic  matters  in  plants.  They  contri- 
bute in  the  most  important  manner  to  the  formation  of  ker- 
nels, cells,  cellular  systems,  and  tissues.  They  are,  therefore, 
or  rather  the  chemical  bodies  of  which  they  consist,  are  the 
main  source  of  organic  activity.  If  cells  are  really  produced 
from  kernels,  and  if,  as  is  said,  these  kernels  are  themselves 
vesicles  filled  with  a fluid,  then  not  only  are  the  cells,  or 
other  forms,  produced  from  these  kernels,  but  the  elementary 
grannies  themselves  are  the  elementary  organs,  and  the  ker- 
nels are  organs  compounded  of  these:  or  more  correctly, 
perhaps,  individuals  which,  however  small  they  may  be,  act 
as  an  organic  whole,  and  therefore  in  a complex  manner. 
This  action,  when  resolved  into  its  constituent  parts,  has  its 
basis  in  the  nucleoli,  these  again  in  the  elementary  granules, 
and  the  latter  finally  in  the  four  elements  that  constitute 
the  small  groups  of  bodies  which,  together,  produce  a vesicle 
filled  with  fluid,  t.  e.,  a cell-kemeL 

Returning  once  more  to  the  manner  in  which  nucleoli  or 
elementary  granules  are  produced,  I think  Ascherson’s  opi- 
nion is  inadmissible.  He  assumes  that  the  globules  of  milk 
and  pus,  nay,  all  kinds  of  elementary  granules,  are  formed  in  a 
manner  analogous  to  what  he  has  observed  in  the  case  of 
albumen,  which,  when  brought  into  contact  with  oil,  forms  a 
little  cell,  fiUed  with  a drop  of  oil.  Casein,  albumen,  and 
fibrin,  in  solution,  may  have  the  property  of  separating  fat 
into  globules ; they  may  form  a layer  or  membrane  around  a 
drop  of  oil,  and  so  prevent  the  oil  from  running  together. 
This  property  is  possessed  by  gum  arubic  also,  and  even 
though  it  were  possessed  by  no  other  substance  whatever,  a 
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passive  layer  of  a solid  substance  around  a fluid  is  entirely 
different  from  an  active  membrane,  from  which  manifold 
actions  proceed  in  organic  nature.  Such  theories  tell  us  no- 
thing more  than  does  the  formation  of  froth  in  soap  water. 

Equally  worthless  is  Raspail’s  opinion  that  fat,  supposed  to 
form  the  contents  of  the  elementary  granules,  would  become 
a protein  compound  by  taking  up  nitrogea  When  questions 
of  this  kind  come  before  us,  our  best  course  is  to  confess  our 
ignorance,  and  we  shall  thus  render  greater  serrice  to 
science,  than  by  attempts  to  answer  them  so  unsatisfactory 
as  these. 

Finally,  we  have  to  remark,  that  any  comparison  between 
the  formation  of  crystals  and  that  of  elementary  granules, 
with  the  cells  produced  from  them,  like  that  instituted  by 
Schwann,  may  be  called  fruitless.  It  appears  to  me  that  such 
comparisons  show  the  reverse  of  what  they  are  intended  to 
do — they  show  diversity  arising  from  identity.  There  exists 
in  the  peculiar  nature  of  the  organic  elements — carbon,  hy- 
drogen, nitrogen,  and  oxygen, — a source  of  diversity,  percep- 
tible not  only  in  its  flnal  effects,  but  in  all,  even  the  most 
simple,  actions  of  the  substances  produced  from  them.  The 
very  simplest  of  these  actions  is  doubtless  the  production 
of  the  form  which  they  assume,  when  arranging  themselves 
into  the  smallest  particles  that  we  can  perceive.  This  form 
is  either  globular  or  nearly  so,  representing  a vesicle  filled 
with  a fluid. 

It  is  equally  accordant  with  the  nature  of  a cell,  to  consider 
it  as  an  organ,  or  even  as  an  individual.  It  has  the  power 
of  generating  other  cells  like  itself,  and  does  really  produce 
them,  though  not  always.  There  arc  some  cells,  which,  ac- 
cording to  the  idea  that  still  prevails,  but  which  I have 
not  been  able  to  confirm  by  my  own  obseirations,  are  boru 
from  and  within  a parent-cell ; others  are  produced  with- 
out it,  others  again  do  not  require  the  co-operation  of  a 
parent-cell  for  their  production.  The  first  mode  of  cell-for- 
mation is  called  endogenous,  the  second  exogenous;  a tliird 
manner  is  called  division,  a fourth  independent  cell-forma- 
tion. In  whatever  way  this  increase  of  cells  takes  place, 
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there  must  always  be  materials  present  that  can  supply  the 
constituents  of  the  new  cells ; i.  e.,  a fluid  in  which  the  future 
materials  of  the  new  cells  are  dissolved,  and  from  which  they 
can  be  converted  into  a solid  and  organised  form.  Two  epochs 
or  moments,  therefore,  are  to  be  distinguished  here ; first, 
that  of  the  producti<m  of  organic  matter  fit  for  the  cell-for- 
mation ; and  second,  that  of  its  tdidifieation  into  cella 
The  latter  point  is  what  we  are  now  treating  of.  We 
assume,  therefore,  that  there  must  be  a fluid  present  in  which 
the  materials  are  already  prepared,  but  from  which  they  are 
to  be  separated. 

Whenever  new  endogenous  cells  are  produced  from  existing 
ones,  the  materials  are  enclosed  within  the  vesicle.  This 
formation  takes  place  within  the  cavity  of  the  vesicle  itself. 
It  is  met  with  in  phanerogamic  plants,  and  also  in  several 
animal  oigana  The  process  is  said  to  be  this,  that  from  the 
contents  (cytoblastema)  of  a duly  formed  cell,  nuclei  and 
nucleoli  are  formed  in  the  way  mentioned  above  (page  355), 
and  these  nuclei  are  expanded  into  cells.  Whenever,  there- 
fore, from  the  contents  of  one  single  parent-cell  several  young 
cells  are  being  formed,  the  membrane  of  the  parent  cell  must 
necessarily  be  expanded,  enlarged,  thinned  out,  or  absorbed, 
and  finally  it  will  disappear.  In  the  same  manner  a system  of 
cells  of  the  third  generation  is  developed  in  those  newly  pro- 
duced, the  cells  of  the  second  generation  disappearing  in  their 
turn.  Now,  if  only  one  young  cell  were  produced  in  every  pa- 
rent-cell, this  Increase  would  be  of  no  avail  for  the  increase  of 
the  number  of  cella  It  is  necessary,  therefore,  that  several 
young  cells  come  forth  from  one  and  the  same  source  within  the 
parent-cell,  the  latter  being  thus  replaced  by  a number  of  new 
oella  Schleiden  states  that  this  actually  takes  place.  When, 
for  instance,  the  contents  of  one  cell  give  rise  to  the  produc- 
tion of  four  small  cells,  by  which  the  parent  cell  is  ex:panded, 
thinning  out  its  walls  (which  are  afterwards  to  be  absorbed), 
then  the  number  of  cells  is  increased  by  three.  If,  from  the 
contents  of  each  new  cell  four  others  are  again  produced, 
those  of  the  second  generation  disappearing,  then  there  are, 
after  the  third  generation,  sixteen  cells ; after  the  fourth. 
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sixty-four,  &c.  It  is  always  the  kerneU  of  the  new  cells  that 
produce  other  new  cells,  and  the  old  cells  disappear. 

If,  however,  we  consider  this  cell-multiplication  from  a 
chemical  point  of  view,  several  facts  remain  unexplained  ; 
several  facts  even  require  to  be  confirmed  by  a greater  number 
of  observers.  Is  it  certain,  for  instance,  that  the  nucleoli  are 
the  first  things  produced,  and  if  so,  are  they  the  generators  of 
kernels,  and  the  latter  of  cells  ? If  this  be  free  from  any 
doubt,  the  following  questions  present  themselves : 

What  is  the  cause  of  the  first  production  of  nucleoli  ? In 
what  way  are  they  produced  from  the  cytoblastema  (in  en- 
dogenous {)lants  from  the  contents  of  the  cells)  ? Does  this 
production  take  place  by,  or  entirely  without,  the  influence  of 
the  kernel  of  the  i)arent-cell  ? Do  the  contents  of  the  parent- 
cell possess  the  power  of  arranging  themselves  into  nucleoli, 
which,  being  now  little  organs  endowed  with  powers  of  action, 
arc  able  to  produce  kernels,  which  in  their  turn  produce  the 
cellular  membrane  ? 

These,  and  several  other  questions,  we  are  still  unable  to  an- 
swer, even  when  we  confine  ourselves  to  exogenous  plants,  in 
which  nucleoli,  kernels,  and  cells  are  produced  from  liquid 
organic  substances  external  to  the  cells,  that  is  to  say,  without 
the  influence  of  cell-walls  and  kernels. 

But  whatever  conception  we  may  have  of  the  cell-forma- 
tion, it  is  entirely  undeniable,  1°  That,  as  there  are  soluble 
inorganic  substances,  which  in  certain  conditions  crystallize, 
so  there  are  soluble  organic  substances,  which  in  certain  con- 
ditions form  nucleoli,  kernels,  and  cells.  2°  That  these  little 
organs  maintain  themselves,  and  preserve  their  specific  cha- 
racters, as  individuals  do  by  generation,  according  to  the  uni- 
versal law  of  organic  nature,  that,  the  conditions  being  the 
same,  like  produces  like.  3°  That  the  endogenous  formation 
of  cells  is  the  result  of  the  conversion  of  organic  substances 
into  such  as  are  similar  to  those  of  the  generating  cell  itself. 
The  substance  must  first  be  made  similar  to  that  which  has 
a form,  before  it  can  assume  that  form.  4°  That  the  gene- 
rating cell,  therefore,  has  but  one  function  to  perform — the 
preparation  of  a substance,  identical  with  that  of  which  itself 
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consists.  This  substance  being  once  prepared,  its  organisation 
is  as.  inevitable  a consequence,  as  crystallisation  is  a conse- 
quence of  the  mixing  of  nitric  acid  and  baryta  water, — of  sul- 
phuric acid  and  potash,  &c.  5°  That  the  parent  cell,  therefore, 
does  not  give  a form  to  the  young  cells,  any  more  than  a mo- 
ther gives  a form  to  her  child.  A generating  being  does  no- 
thing more  than  secrete  a substance,  which,  under  certain  cir- 
cumstances, can  assume  a form  similar  to  that  of  its  parent 
In  this  respect  there  is  no  difference  whatever  between  the 
propagation  of  the  higher  animals,  and  the  multiplication  pf 
cells. 

The  e-xogenoui  cell-formation  takes  place  in  a manner  simi- 
lar to  that  of  the  endogenous,  with  this  difference  only,  that 
the  young  cells  are  formed  without  the  parent-cell,  the  liquid 
containing  the  materials  for  the  formation  of  new  cells  (cyto- 
blastema)  existing  not  icxthin,  but  without  the  parent-celL 
This  does  not  constitute  a real  difference,  because  the  cyto- 
blastema,  which  in  the  endogenous  process  exists  within  the 
cell,  is  not  more  subjected  to  the  influence  of  the  cell-wall 
than  the  fluid  that  surrounds  the  cell  without  This  cyto- 
blastema  contains  the  materials  of  new  kernels  and  cell- 
walls,  and  it  makes  no  difference  whether  the  new  cells  are 
formed  on  the  exterior,  or  on  the  interior  face  of  the  walls 
of  the  parent  cella  These  walls  have  the  power  of  assimi- 
lating the  organic  substances  that  are  present  to  those  which 
they  themselves  contain ; and  they  can,  without,  as  well  as 
within  their  cavities,  produce  new  individuals  or  new  cells 
from  nucleoli  which  are  in  the  act  of  self-separation. 

Considering,  however,  the  difl'erence  in  position  between 
the  old  and  new  cells,  as  produced  by  these  two  modes,  it  is 
evident  that  by  the  exogenous  process  cellular  systems  are 
produced,  which  are  different  from  those  that  are  the  result 
of  the  endogenous  process.  Hence  this  process  is  of  impor- 
tance in  the  general  study  of  the  origin  of  organs.  It  can  bo 
observed  in  cryptogamic  plants, — for  instance,  in  mould 
plants.  These  two  modes  of  cell-production,  therefore,  con- 
sist in  the  formation  of  substances  according  to  chemical 
laws  ; — substances  which,  once  formed  according  to  general 
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laws,  are  converted  into  cells.  The  walls  of  the  parent-cells 
cause  the  preparation  of  these  substances,  but  do  not  produce 
the  new  cells ; hence  the  name  of  parent-cells  is  applicable 
to  them  onlj  to  a limited  extent 

With  regard  to  the  absorption  of  the  walls  of  the  parent- 
cells,  we  have  to  remark  that  this  is  not  a requisite  in 
the  exogenous  process.  The  old  cell  maj  remain  unaltered, 
which  is  not  the  case  in  the  endogenous  procesa  Hence  an 
important  difference  arises  between  these  two  modes  of  cell- 
formation. 

It  is  not  proved,  however,  that  in  the  endogenous  process 
the  walls  of  the  parent-cells  are  absorbed,  as  is  generally  be- 
lieved; it  is  only  shown  that  they  disappear  or  become  invi- 
sible. If  they  dissq>pear  without  being  dissolved,  then  they 
must  become  expanded  and  must  split,  being  deposited  as 
thin  films  round  the  new  cell- walls,  and  becoming  identified 
with  them.  If  this  take  place,  these  cell-walls  will  be  organi- 
cally different  from  those  propagated  by  the  exogenous  pro- 
cess, which  cannot  be  increased  in  thickness  from  such  a 
cause.  If  in  the  endogenous  formation  the  old  wall  be  ab- 
sorbed, then  there  results  an  important  physiological  diffe- 
rence between  it  and  the  exogenous  process,  because  in  the 
latter  cellulose  is  produced  within  the  plant,  in  the  form  of  a 
solution  from  which  new  products  are  to  be  formed.  Hence 
it  follows,  that  it  is  a matter  of  the  highest  interest  to 
ascertain,  whether  or  not  these  walls  are  really  absorbed. 
If  such  an  absorption  or  dissolution  of  the  old  cell-walls 
take  place  in  animal  cells,  this  would  partly  serve  to  explain 
the  production  of  several  secretions,  such  as  bile,  urine,  tc. 
It  requires,  however,  a more  ample  investigation  to  deter- 
mine whether  such  an  absoq)tion  does  take  place  in  full 
grown  individuals  (See  Secretions.) 

There  is  a third  mode  of  cell-multiplication,  which  is  called 
dirision.  Within  the  cell  laminae  are  produced,  by  which  tbe 
internal  space  is  divided  into  two.  Other  laminae  place  them- 
selves at  right  angles  to  the  former,  so  as  to  divide  the 
whole  into  four  compartments.  This  division  b continuaUy 
repeated  around  a central  point,  till  the  whole  is  subdivided 
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into  little  groups,  in  the  interior  of  which  there  graduallj 
appear  granular  particles,  nucleoli,  kernels,  and  finally  cells. 
Bergmann  states,  that  such  a subdivision  takes  place  in 
the  yolk  of  the  egg  (p.  359).  From  the  surface  a par- 
tition-film is  formed  within  the  yolk.  This  film  penetrates 
into  the  interior  in  the  form  of  a lamina,  and  thus  divides 
the  yolk  into  two  equal  parta  Another  lamina  is  formed 
at  right  angles  with  the  first,  and  so  the  whole  is 
divided  into  four.  Subsequently  various  diagonal  laminm 
are  formed,  and  so  the  whole  is  finally  converted  into  an 
agglomeration  of  little  groups,  which  are  likewise  separated 
from  each  other  by  concentric  lanrinse.  Those  little  groups 
consist  of  particles,  which  are  at  last  transformed  into  cella 
These  laminae  are  at  first  visible,  but  afterwards  disappear,  and 
are  replaced  by  cell-walla 

If  such  a cell- formation,  coinciding  with  a cell-multiplica- 
tion, does  really  take  place,  then  in  all  cases  where  a division 
is  effected,  we  should  be  induced  to  view  the  cell-formation 
in  an  entirely  different  light  from  that  in  which  it  is  repre- 
sented by  Schleiden  and  Schwann.  The  several  cells  are  in 
this  case  entirely  the  products  of  a division,  which  is^nde- 
pendent  of  the  molecules  of  which  the  cell  is  originally 
composed.  These  molecules  retain  a pas^ve  organic  charac- 
ter, until  the  division  externally  has  been  completed,  and  it 
is  not  until  they  are  united  into  an  independent  little  group, 
that  they  begin  to  exhibit  the  peculiar  phenomena  of  vital 
action.  In  the  case  of  such  a division,  the  operation  would 
commence  within  the  large  cell,  or  on  certain  fixed  places  of 
the  wall,  and  so  the  first  organic  action  would  proceed  from 
molecules  that  are  situated  in  the  wall 

It  is  very  difficult  to  reconcile  these  alleged  facts  with  the 
observations  of  Schleiden  and  Schwann  on  the  endogenous 
formation  of  cells : and  they  envelope  the  whole  subject  in 
still  deeper  mist 

The  more  recent  observations  of  Bischoff,*  and  especially 
of  K6lliker,f  have  thrown  a new  light  upon  this  subject,  and 

* Entwiekeliuig»G««ehichte  dea  Kaniochen-Eiea,  1842. 

■t  Entwickelangc-Qeachichte  der  Cephslopodcn,  1844. 
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have  entirely  reconciled  the  third  mode  of  cell-formation — 
that  which  is  called  dirinioti,  so  far  as  eggs  are  concerned — 
with  the  first  or  endogenous  process.  Observations,  however, 
upon  which  sufficient  reliance  may  be  placed,  have  proved 
that  in  the  vegetable  kingdom  there  is  a mode  of  multipli- 
cation of  cells  through  division  by  partition  walls.  One  cell 
is  changed  into  two,  by  the  formation  of  such  a wall ; in  the 
same  way  the  new  cells  are  divided  into  two,  5:c.  These 
partition  walls  place  themselves  at  right  angles  upon  the  old 
cell-wall,  and  it  is  by  them,  without  the  co-operation  either 
of  kernels  or  of  nucleoli,  that  the  cells  are  multiplied,  in  a 
manner  e.xceedingly  simple,  but  entirely  different  from  those 
formerly  mentioned.  In  the  Phytolacca  decandra,  for  in- 
stance, such  partition- walls  may  be  most  distinctly  seen  in 
the  act  of  formation  within  the  cells  of  the  pith  and  the  pa- 
renchymatic  layers  of  the  epidermis,  dividing  one  cell  into 
two.  The  cause  of  the  production  of  such  partition-walls 
is  involved  in  darkness,  but  the  fact  itself  is  beyond  all  doubt- 
This  well-confirmed  mode  of  cell-multiplication,  whether  it 
take  place  frequently  or  rarely,  makes  the  theory  of  Schleiden 
and  ^hwann  far  less  universally  applicable  (see  Utriculut  iV 
temtM,  hereafter).*  It  does,  however,  by  no  means  follow 
from  this,  that  the  first  cells  of  such  plants  are  not  produced 
according  to  their  tlieory  of  cell-formation. 

Besides  these,  there  is  a fourth  manner  in  which  cells  are 
produced  and  propagated.  I mean  the  gpontaneout  process. 
It  occurs  in  equivocal  generation,  in  every  case  when  unor- 
ganised, though  organic,  bodies  give  rise  to  individuals ; in 
various  products  of  disease ; in  exsudations  in  wounds,  for 
example,  that  are  healed  by  plastic  lymph  ; in  fractures  of  the 
bones  where  an  exsudation  gives  rise  to  a great  many  new 
cellular  series ; in  pseudo-membranes ; in  many  secretions,  in 
those,  for  instance,  which  are  produced  by  the  application  of 
blistering  substances,  &c.  The  organic  fluid  which  is  called 
cytoblastema,  can  spontaneously  assume  the  cellular  form. 
Otiginally  a homogeneous  and  semi-fluid  mass,  small  granu- 


* Compkra  Harting  in  TYdwhriA  roor  natuurlyke  geMhiedenl*,  lS4i. 
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Iat  particles,  nucleoli,  and  nuclei  successively  appear  in  it, 
which  give  rise  to  cells  in  the  same  manner  as  in  the  endo- 
genous and  exogenous  formationa 

This  last  or  spontaneous  mode  of  formation  is  very  frequent, 
and  always  takes  place  when  organic,  though  unorganised, 
matter  assumes  the  cellular  form ; for  instance,  when  either 
mould  plants  or  infusoria  are  produced  from  infusions  of  or- 
ganic substances,  &c. 

It  is  my  opinion  that  the  first,  second,  and  fourth  modes 
of  cell-formation  may  be  simply  represented  thus: — the 
endogenous  and  exogenous,  as  regards  their  cause,  may  be 
reduced  to  one.  From  what  appears  to  have  been  established 
with  regard  to  animal  tissues,  they  may  be  said  to  consist 
in  the  formation  of  organic  molecules,  which  form  nucleoli, 
and  which  again  give  rise  to  kernels,  from  which  either 
cells  or  other  forms  derived  from  the  kernels  originate. 
This  is  therefore  a real  monogamia,  for  like  produces  like : — 
a particular  cell  is  the  parent  of  similar  ones.  The  substance 
of  which  the  cell  consists,  transfers  an  impression  to  the 
substances  which  exist  within  or  around  the  cell.  The  first 
effect  of  that  impression  is  the  production  of  nucleoli,  and 
these  being  once  formed,  new  centres  of  operation  are  esta- 
blished, fitted  to  produce  kernels,  and  ^irough  these  again 
cells  and  other  forms. 

This  is  the  limit  of  the  explanation  given  by  science ; it 
cannot  go  any  farther,  because  observation  stops  here. 

Hence,  it  appears,  that  the  formation  of  the  first  nucleoli 
is  involved  in  the  same  obscurity,  as  the  formation  of  the 
first  particles  of  crystals  (p.  70).  All  we  know  is,  that  by  the 
formation  of  these  nucleoli,  active  and  ever-generating  mole- 
ode*  are  brought  into  existence,  which  do  not  exist  in  the 
inorganic  kingdom. 

We  see  from  the  spontaneous  cell-formation  that  the  existence 
of  a cell  is  not  always  necessary  to  produce  the  first  tendency 
towards  the  formation  of  nucleoli.  If  this  tendency  is  im- 
parted by  a cell,  then  the  latter  determines  the  direction  of 
the  former,  without  being  its  cause.  That  organic  molecules, 
imder  certain  conditions,  can  assume  the  cellular  form  with- 
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out  having  received  an  impulse  from  any  existing  cell,  is  most 
distinctly  shown  by  the  spontaneous  cell-formation,  that  is, 
where  no  original  cell  existed ; for  instance,  in  moulds  pro- 
duced from  milk-sugar,  and  in  innumerable  other  instances 
In  both  endogenous  and  exogenous  cell-formation,  therefore, 
the  cell  does  not  originate  the  force,  which  is  already  in  action 
in  the  materials  of  the  cytoblastema,  but  simply  determines  the 
direction  of  its  operation  ; or  it  awakens  the  activity  of  the 
adjoining  substances  Hence,  finally,  we  may  deduce  the 
general  principle, — that  there  are  some  organic  molecules, 
which,  in  certain  conditions,  are  able  and  strongly  inclined 
to  form  concave  spherules,  just  as  inorganic  substances 
assume  other  symmetrical  forma  In  vegetable  bodies,  cel- 
lulose, H21  appears  to  constitute  the  basis  of  almost 
all  the  cells,  and  out  of  it  almost  all  forms  are  developed  ; 
in  animals,  a similar  basis,  in  many  cases  at  least,  appears  to  be 
afforded  by  the  binoxide  of  protein,  N®  The  cells 

being  once  formed,  both  of  these  fundamental  substances  may, 
in  whole  or  in  part,  be  replaced  by  other  substances,  and  are 
really  often  so  replaced.  Hence  the  variety  of  tissues  which 
occurs  in  different  plants  and  animals  Finally,  as  regards 
the  multiplication  of  cells  by  division,  no  cause  of  any  satis- 
factory character  cap  as  yet  be  assigned  for  it 

B.  EUmentary  Formt  of  Inorganic  Suhttanceo. 

If  we  confine  ourselves  to  the  perceptible  form  which  the 
smallest  particles  of  inorganic  substances  can  assume,  then 
the  series  of  solid  bodies  is  the  only  one  left  for  our  conside- 
ration, as  the  gases  and  liquids  escape  our  observation  entirely. 
The  organised  parts,  however,  are  all  either  solid  or  very 
nearly  so.  If,  therefore,  the  present  state  of  ouF  knowledge 
admits  of  comparative  study,  the  opportunity  is  afforded  for 
it  by  microscopical  investigations  into  the  origin  of  solid 
organic  and  inorganic  parts  * 

The  latter  have  been  investigated  with  much  care  by  Uar- 
ting.*  He  has  brought  together,  under  the  inicrosco|>e,  solu- 

* BuUetin,  1840,  p.  287. 
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tions  of  pure  chemical  substances,  which  exercised  upon 
each  other  a known  chemical  reaction,  and  then  examined 
the  phenomena  exhibited.  Bj  the  kindness  of  Harting,  I have 
some  years  ago  been  made  acquainted  with  his  results. 

His  opinion  is,  that  inorganic  substances,  in  so  far  as 
they  can  be  made  visible  by  a powerful  microscope,  assume 
four  principal  forma  These  are,  the  cryttallitie  form,  the  mol»- 
cvlar  form,  the  traruparent  membranaceout  form,  and  the  gda- 
tinouM  form.  Other  forms  are  produced  from  these  four, 
either  by  means  of  their  mutual  combination,  or  by  accu- 
mulation of  the  particles,  in  consequence  of  the  liquids  used 
for  precipitation  being  highly  concentrated.  According  to 
Harting,  therefore,  the  above  four  forms  may  be  considered 
as  the  elementary  forms  of  the  microscopical  inorganic  solid 
particlea 

1°  The  crysteffins/om  does  not  occur  very  frequently.  Iodine 
assumes  this  form,  when  to  its  alcoholic  solution  water  is  add- 
ed ; so  do  sulphate  of  lime,  when  precipitated  by  sulphate  of 
soda  frum  a solution  of  chloride  of  calcium, — and  phosphate  of 
lead,  when  thrown  down  from  nitrate  of  lead  by  phosphoric 
acid,  &C.  A slow  precipitation  from  weak  solutions  is  not 
alone  sufficient  to  make  substances  crystallise,  that  usually 
do  not  form  crystals  If  this  may  really  be  considered  as  a 
general  fact,  it  would  make  us  conclude  that  substances  which 
form  microscopical  crystals,  consist  of  molecules,  which  be- 
come crystalline  upon  their  first  arrangement.  To  this  class, 
therefore,  belong  all  microscopical  particles  of  complete  crys- 
tals, whatever  may  be  their  character. 

2®  The  moIeetUar  predpiUUe,  distinguished  by  Harting,  was 
examined  with  the  same  magnifying  power  as  that  which  was 
iq>plied  to  the  above  minute  crystals,  which  could  be  no  longer 
distinctly  recognised  as  crystals,  if  their  diameter  was  less 
than  1 -500th  of  a millimeter.  Thus  we  can  judge  of  the  size  of 
what  Harting  calls  the  molecular  precipitate,  and  may  con- 
clude that  its  particles  might  really  be  crystalline,  and  yet  the 
smallness  of  their  size  would  make  it  impossible  to  distin- 
guish them  to  be  so.  It  cannot,  therefore,  be  asserted  that  this 
molecular  precipitate  is  without  a crystalline  form;  all  that  can 
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be  said  is,  that  it  is  too  minute  to  enable  us  to  distinguish 
that  form,  if  it  does  exist  It  was  produced  in  solutions  of 
chloride  of  gold,  when  mixed  with  sulphate  of  iron  (resulting 
precipitate,  gold)  ; of  silicate  of  potash,  with  hydrochloric 
acid  (silicic  acid)  ; of  bichloride  of  mercury  with  potash 
(deutoxide  of  mercury) ; of  sulphate  of  protoxide  of  man- 
ganese with  hydro-sulphuret  of  ammonium  (sulphuret  of 
manganese),  &&  It  had  the  appearance  of  small,  roundish 
particles,  of  which  the  precise  form  could  no  longer  be  dis- 
tinguished. Their  diameter  seldom  equalled  1 -1000th  of  a mil- 
limeter. These  precipitates  have  a veiy  strong  tendency  to 
combine  with  each  other,  and  to  form  either  flocks  or  laminse. 
Among  all  the  substances  which  Harting  examined,  he  found 
that  albuminate  of  lead  alone,  after  the  lapse  of  several  days, 
still  consisted  of  isolated  particles,  varying  in  size  from  l-800th 
to  l-3000th  of  a millimeter.  Ha  estimates  the  size  of  the 
molecules  of  precipitated  sulphur  at  1-1 500th  of  a millimeter, 
and  hence  one  milligram  will  contain  1687  millions  of  these 
molecules.  It  is  these  molecular  precipitates  which  exhibit 
very  distinctly  the  movement  observed  by  Brown — a movement 
which  may  be  effected  by  physical  as  well  as  by  chemical  forces, 
and  -which,  in  difterent  microscopic  objects,  must  have  a very 
different  origin.  Of  all  the  molecular  precipitates,  those  of 
sulphur  and  of  albuminate  of  lead  exhibit  Brown’s  move- 
ment most  distinctly. 

3°  The  transparent  membranaceous  form  is  one  of  the  most 
beautiful  and  remarkable  forms  which  substances  can  assume 
during  their  change  from  the  liquid  to  the  solid  state.  Such 
precipitates  are  formed,  especially  in  a solution  of  sulphate  of 
protoxide  of  iron,  when  mixed  with  potash,  (hydrate  of  pro- 
toxide of  iron) — of  chloride  of  tin,  with  ammonia,  (oxide  of 
tin) — of  sulphate  of  protoxide  of  manganese,  with  ammo- 
nia, (hydrate  of  protoxide  of  manganese) — of  ferro-cyanide 
of  potassium  with  sulphate  of  peroxide  of  iron,  (Prus- 
sian blue) — of  nitrate  of  protoxide  of  mercury  with  ferro- 
cyanide  of  potassium,  (ferro-cyanide  of  mercury),  and  several 
other  ferro-cyanides — finally,  in  a saturated  solution  of  chlo- 
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ride  of  calcium  when  mbced  with  carbonate  of  potash  or  soda, 
(carbonate  of  lime)  at  ordinary  temperatures,  &c. 

These  transparent  membranaceous  precipitates  sometimes 
extend  themselves  considerably,  and  are  really  thin  lamina;, 
in  which,  even  under  very  high  magnifying  powers,  not  the 
smallest  trace  either  of  globules  or  any  other  definite  form  can 
be  distinguished.  They  are  real  membranes,  bent  or  folded  in 
different  directions  by  the  confluence  of  the  two  drops  of  the 
solutions  from  which  the  precipitate  is  produced.  After  a 
little  while  they  become  wholly  transparent,  but  soon  after 
the  greater  part  is  again  changed,  becomes  opaque,  and  as- 
sumes the  appearance  of  distinct  particles,  formed  by  the  very 
minute,  intimately  coherent  particles  of  the  membrane,  being 
united  into  one  group.  The  membrane,  however,  still  con- 
tinues to  exist,  but  it  has  become  much  more  fragile.  When 
in  this  state,  its  form  is  called  by  Halting,  membrano-mde- 
eular  ; — a form  which  is  occasionally  produced  directly,  for 
instance,  in  lime,  by  the  mixture  of  chloride  of  calcium 
with  ammonia ; in  hydrate  of  peroxide  of  iron,  by  the  mix- 
ture of  sulphate  of  peroxide  of  iron  with  potash ; in  oxide 
of  zinc,  by  the  mixture  of  nitrate  of  zinc  with  ammonia,  &c. 
If  it  was  originally  transparent  and  subsequently  became 
membrano-molecular,  its  change  sometimes  proceeds  no  far- 
ther, but  sometimes,  indeed,  generally,  the  membranes  dis- 
appear after  a little  while,  being  converted  into  flocks.  The 
molecules  of  the  membrane  which  are  the  first  perceptible, 
being  formed  by  the  accumulation  of  the  particles  of  the  mem- 
brane itself,  aggregate  and  thus  increase  in  size.  The  mem- 
brane falls  to  pieces,  and  some  flocks  are  left,  which  either 
remain  in  that  state,  or,  contracting  themselves  still  more, 
form  granules,  which  are  then  to  be  considered  as  the  final 
product  of  the  mutual  attraction  of  the  particles. 

But  little  can  be  said  regarding  the  nature  of  the  small 
particles,  of  which  the  entire  transparent  membrane  consists. 
The  membrane  itself  appears  on  the  spot,  where  the  two  drops 
meet  from  which  the  precipitate  is  formed.  The  contact  of 
the  two  drops  is  the  direct  cause  of  the  formation  of  the 
membrane.  The  liquid  which  is  (in  ratio  of  the  equivalents) 
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the  less  concentrated  of  the  two  that  meet,  loses  all  that 
it  holds  in  solution, — this  being  precipitated  by  the  sub- 
stance held  in  solution  by  the  other  drop.  The  precipita- 
tion is  on  that  spot  sudden  and  complete,  so  that  no  other  per- 
ceptible effect  can  arise  from  the  confluence  of  the  two  drops ; 
or  rather,  the  precipitate  formed  in  this  manner  is  so  dense 
and  coherent,  that  liquids  containing  the  precipitating  sub- 
stances, can  but  partially  and  slowly  penetrate  it  Hence,  I do 
not  think  that  this  membrane  presents  any  analogy  with 
organic  membranes,  either  in  respect  to  its  nature,  or  to  the 
mode  of  its  formation. 

The  particles,  first  precipitated,  of  which  the  perfectly 
transparent  membrane  consists,  are,  no  doubt,  exceedingly 
minute.  It  is  possible,  however,  that  they  may  be  completely 
penetrated  by  water,  and  this  may  make  them,  as  individual 
particles,  invisible,  even  by  the  application  of  the  highest 
magnifying  power. 

4°  The  gelatinotu  form,  assumed  by  precipitates,  may  be 
seen — in  alumina,  obtained  by  adding  ammonia  to  a solu- 
tion of  sulphate  of  alumina — in  glucina,  from  ammonia  and 
sulphate  of  glucina — in  silico-fluoride  of  potassium,  from 
carbonate  of  potash  and  fluo-silicic  acid.  These  precipitates 
are  perfectly  transparent  This  form  of  precipitate  exhibits 
few  or  no  isolated  particles,  probably  from  its  being  thorough- 
ly permeated  by  the  water  which  it  retains  in  equivalent 
proportions.  This  is  likely  to  be  also  the  case  with  the 
membranaceous  precipitates,  as  here,  in  the  first  period  of 
precipitation,  hydrates  may  be  formed,  which  subsequently, 
when  the  particles  are  transformed  into  granules,  &c.,  are 
decomposed,  the  product  being  either  another  chemical  com- 
bination between  the  precipitate  and  the  water,  or  even  an 
anhydrous  body.* 

Link’s  observations  are  different  from  those  made  by  Hart- 
ing,-f-  for  he  thinks  he  has  seen,  that  all  precipitates  are 

• Harting  haa  since  classed  the  gelatinous  with  the  membranaceous  precipi- 
tates (Tydschrift  voor  natuurlyke  gcschiedenis,  1843.) 

f Jahrcsbericht,  1840,  3.  5;  and  Poggendorff's  Annalen.  Bd.  46,  S.  868, 
and  Do  la  Formation  dcs  Corps  Solides.  Berlin,  1841. 
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at  first  small  globules,  which  unite  into  large  ones,  being, 
therefore,  liquid  like  those  of  mercury ; and  that  at  a later 
period  only,  they  are  converted  suddenly  into  crystala  These 
globules  constitute  sometimes  laminae,  sometimes  gelatinous 
masses. 

According  to  this  view  of  Link’s,  therefore,  the  precipi- 
tated ciy'stalline  substances  are,  at  first,  not  crystals,  but 
liquids  ; — isolated  drops,  which  afterwards  become  solids. 
But  according  to  him,  the  crystallisation  is  a phenomenon  of 
still  later  origin  than  the  formation  of  the  solid ; and  be- 
fore crystallisation  a condition  exists,  in  which  the  precipi- 
tate is  composed  of  small  globules,  which  can  be  seen  when 
the  precipitate  produced  is  examined  immediately  after  the 
two  liquids  have  been  mixed.  Link’s  opinion  is,  that  by 
the  juxtaposition  of  these  globules,  the  crystal,  with  its 
peculiar  form,  is  suddenly  produced. 

Against  this  opinion  Halting  has  stated  several  objections,* 
and  has,  we  think,  succeeded  in  proving  that  Link’s  observa- 
tions are  incorrect  Even  with  the  best  microscope  the  small- 
est bodies  appear  indistinct,  so  that  the  real  form  can  no  longer 
be  correctly  defined,  and  Link’s  globules  ought,  according  to 
Halting,  to  be  called  simply  moleculea  Now  under  this  class 
are  to  be  reckoned  particles,  of  which  the  diameter  is  only 
1-1 000th  of  a millimeter.  Link  has  spoken  of  globules  of  the 
size  of  0.00003  of  a millimeter  only,  but  the  practicability  of 
such  observations  is  justly  negatived  by  Harting,  although  it 
remains  probable  that  tlie  form  of  the  smallest  particles  of 
solids  is  globular. 

My  own  experience  of  this  investigation  enables  m^  to 
' testify,  at  least  with  regard  to  the  membranaceous  precipitates 
observed  under  a linear  magnifying  power  of  1200,  that  their 
original  form  is  a simple  lamina ; that  they  present  only  at 
a later  period  distinctly  visible  particles,  and  that  immediately 
after  the  precipitation  nothing  is  to  be  seen  but  a homogene- 
ous membrane,  in  which,  subsequently,  distinct  particles  appear, 
as  is  especially  the  case  with  the  precipitated  ferro-cyanidea 

This  membranaceous  form  assumed  by  some  j^recipitates, 

* Tfdiichrift  Toor  naluurbAe  geschiedeoiA 
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seems  to  be  the  smallest  perceptible  form  in  which  the  solid 
molecules  of  the  inorganic  bodies  can  possibly  exhibit  them- 
selves. They  are  too  small  to  be  properly  observed  and 
distinguished,  and  hence  nothing  positive  can  be  said  a)x>nt 
their  definite  forms.  We  know,  however,  that  they  unite  to- 
gether into  clearly  distinguishable  membranes,  either  of  a 
regular  or  an  irregular  form,  which,  if  regular,  retain  their 
form  unchanged,  while  fresh  particles  are  precipitated  upon 
them ; that  thus  the  smallest  molecules  first  become  solid, 
and  are  arranged  afterwards;  that  they  hare  each  at  first 
, an  existence  of  their  own,  and  are  afterwards  combined  to- 
gether into  larger  molecules ; and  that,  though  there  may 
exist  an  intermediate  state  between  liquid  and  solid,  the 
smallest  solid  particles  unite  into  a large  whole,  not  instan- 
taneously at  their  production,  but  only  after  a certain  time 
Further,  they  are  joined  as  solid  particles  into  one  large 
whole,  which  has  often  a crystalline  appearance,  but  never 
occurs  as  a concave,  membranaceous  vesicle,  never  as  a gene- 
rator of  some  new  body,  never  developing  anything  in  its 
interior,  as  takes  place  in  the  formation  of  cella 

The  way  in  which  crystals  increase  in  size,  is  found,  not 
only  by  Harting,  but  also  by  former  observers,  such  as  Leeu- 
wenhoek and  Ehrenberg,  to  be, — that  a cry  stalline  j«rticle, 
while  floating  in  the  solution,  increases  insensibly.  Jio 
further  explanation  can  be  given  of  this  process.  Link  de- 
nies this  fact  He  holds  that  in  this  case  also  small  glo- 
bules adhere  to  the  little  crystal  existing,  and  so  enlarge 
it  in  size.  It  cannot  be  explained  in  what  state  these  parti- 
clej  of  solid  matter  are,  when  about  to  constitute  part  of  the 
crystal.  Neither  can  we  understand  in  what  condition  the 
solid  matter  is,  when  about  to  become  the  first  germ  of  a 
crystal.  But  certain  it  is,  that  there  are  no  other  preceding 
forms  perceptible,  and  that  the  first  traces  of  crystallisation 
are  characterised  by  the  production  of  particles,  which,  at 
the  first  moment  they  can  l)e  seen,  are  immediately  to  be 
regarded  as  small  but  perfect  crystals.  It  is  unknown,  of 
course,  what  they  are  immediately  before  they  become  visible, 
but  it  is  not  likely  that  the  very  smallest  particles  of  crys- 
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uUine  substances  which  can  exist  should  have  a crystalline 
form. 

From  the  fact  of  this  insensible  increase  of  the  size  of  a 
crystal,  Halting  is  justly  led  to  conclude,  that  the  layers 
of  a crystal  consist  of  laminae  of  imperceptible  thickness. 
Since  these  laminie  are  composed  of  small  crystals,  they  seem 
to  justify  the  Conclusion,  that  the  particles  of  crystals  are 
crystalline  even  before  they  can  be  detected  by  the  highest 
magnifying  power  we  possess,  that  is,  one  by  which  substances 
of  l-2000th  to  l-5000th  of  a millimeter  can  be  distinguished. 
Since,  therefore,  the  laminse  increase  insensibly,  and  the 
crystalline  particles  of  which  they  consist  escape  observation, 
the  primary  crystalline  particle  or  the  kernel  of  the  crystal 
most  be  equally  imperceptible,  and  hence  we  are  yet  uncer- 
tain what  may  be  the  real  form  possessed  by  the  smallest  par- 
ticles of  crystala 

C.  Connection  between  the  Elementary  Forme  of  Inorganic  and 
Organic  Parte. 

Various  philosophers  have  attempted  to  show  that  there 
exists  a connection  between  the  elementary  forms  of  organic 
and  inorganic  particles  These  various  attempts  indicate  bow 
important  such  a connection  was  considered  to  be.  My 
opinion  on  this  subject  is  different  I should  consider  it  to 
be  a new  and  great  difficulty,  were  such  a connection  really 
shown  to  exist ; and  a greater  still,  if  there  were  shown  to  be 
an  analogy  between  the  smallest  visible  particles  of  bodies,  of 
which  the  one  class  has  to  perform  a function,  for  which  the 
other  is  not  adapted  (p.  90).  The  difference  which  in  this 
respect  exists  between  organic  and  inorganic  substances, 
must  originate  with  the  elements  of  which  these  stibstances 
are  composed,  the  arrangement  of  these  elements,  and  the 
forms  which  their  ultimate  molecules  can  assume. 

Even  the  simplest  function  of  a cell,  the  production  of 
substances  from  which  a cell  can  be  formed  similar  to  it- 
self, cannot  be  performed  by  any  crystallised  form,  much 
less  by  any  compound  organa  An  organ  made  up  of  prisms 
or  cubes,  is  inconceivable,  much  less  can  it  possibly  exist. 

2 c 
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If  at  some  future  period,  a conformity  should  be  found  be- 
tween the  first  perceptible  particles  of  crystals  and  those  of 
organs,  then  the  knowledge  both  of  crystallography  and  of 
histology  would  be  not  only  retarded,  but  would  remain  be- 
yond the  reach  of  man  for  ever. 

This  hunting  for  analogy  between  the  elementary  forms  of 
organic  and  inorganic  elementary  particles  has,  no  doubt, 
arisen  from  a wrong  application  of  the  fact,  that  in  the 
organic  kingdom  chemical  substances  are  to  be  found  simi- 
lar to  those  in  the  inorganic  kingdom,  and  that  the  elements 
of  the  organic  kingdom  are  all  produced  from  and  sustained 
by  the  inorganic — a truth  which  is  now  fully  recognised. 
But  if  the  elementary  forms  are  the  same,  whence  arises  the 
first  diflerence  which  produces  such  difierent  results  ? Is  not 
a difference  in  the  form  of  the  elementary  particles  the  very 
first  requisite  for  the  production  of  a dificrence  in  the  struc- 
ture of  a whole,  composed  of  these  particles — in  the  same  man- 
ner as  differences  in  the  forms  of  stones  and  other  materials,  of 
which  an  edifice  is  to  be  built  up,  are  requisites  for  the  pro- 
duction of  edifices  of  different  forms  ? Or  is  it  possible,  with 
the  same  kind  of  beams  and  stones,  to  build  edifices  of  a diffe- 
rent form,  of  a totally  different  character,  and  for  a totally 
different  purpose? 

From  whatever  side  I view  the  subject,  whether  from  the 
organic  composition  of  a part  of  the  animal  or  vegetable 
kingdom,  or  from  the  deposition  of  the  particles  of  a crystal, 
or  from  the  function  performed  by  the  one  but  beyond  the 
capabilities  of  the  other ; — there  must  be  some  point  where 
that  great  difference  commences,  which  exists  between  the  or- 
ganic and  inorganic  kingdoms,  and  from  that  point  it  must 
advance  continually  forward  in  order  to  render  this  difference 
permanent. 

If,  as  we  have  endeavoured  to  detail  in  the  first  chapter, 
this  difference  must  have  its  foundation  in  the  peculiari- 
ties of  carbon,  hydrogen,  nitrogen,  and  oxygen,  assisted  by 
some  other  accessory  bodies ; then  this  difference,  produc- 
ing such  peculiarities,  and  of  which  the  performance  of 
a compound  function  is  the  last  result,  must,  having  that 
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foundation,  be  apparent  in  the  structure  of  the  body  by 
which  that  function  is  performed — not  only  in  this  body  taken 
as  a whole,  but  in  the  elementary  particles  of  which  the 
whole  is  compounded.  For  it  is  these  particles,  which 
severally  perform  a part  of  the  function  which  constitutes 
the  character  of  the  whole  organ.  These  particles  are  organs 
themselves,  and  hence  neither  their  structure,  nor  their  mode 
of  production,  can  be  the  same  as  those  of  the  substances 
which  are  not  organs,  and  which  persist  in  any  state  they 
have  once  arrived  at,  till  they  are  removed  from  it  by  ex- 
ternal causes.  This  state  of  permanent  activity, — the  main 
characteristic  of  organs,  even  the  most  minute, — requires 
peculiar  forms,  and  peculiar  forces  besides,  through  which 
both  the  activity  and  the  form  are  produced. 

Although,  therefore,  the  p^nomena  of  life  are  only  a 
series  of  effects  of  peculiar  conditions  (combination  and  forms 
of  substances),  still  they  are  equally  in  want  of  a funda- 
mental cause,  of  which  the  first  action  necessarily  manifests 
itself, — not  by  a certain  function,  for  a function  is  a remote 
effect, — but  by  the  production  of  certain  forms,  which  are 
essential  requisites  for  the  performance  of  the  function.  Now, 
in  order  that  such  determinate  forms  may  be  produced,  the 
germs  of  these  forms  must  be  embodied  in  the  primary 
arrangement  of  the  molecules ; in  other  words,  the  first  visi- 
ble form  that  results  from  the  arrangement  of  the  molecules 
must  be  in  accordance  with  the  purpose  of  that  arrangement ; 
that  is,  must  have  a reference  to  the  future  function  of  the 
part  organised,  and  this  function  again  must  be  in  accordance 
with  the  life  of  the  individual  to  which  that  part  belongs. 

In  investigating  this  connection,  we  endeavour  to  discover 
what  means  the  Deity  has  used,  to  give  to  organised  nature 
its  present  form.  This  is  The  Study  op  Nature.  Its  aim  is 
to  acquire  a knowledge  of  the  laws  which  regulate  it — its 
highest  aim,  the  deduction  of  even  the  very  remotest  results 
from  the  very  first  causes  throughout  all  their  phases. 

The  agreement  which  has  been  generally  recognised  among 
the  forms  of  the  microscopic  parts  of  animals,  plants,  and  in- 
organic matters,  is  limited  to  the  analogy  in  their  vesicular 
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forms.  Starting  from  the  theory  of  cells,  every  globular  mi- 
croscopic particle  which  was  found  in  organised  substances 
was  called  a nucleolus.  But  where  is  the  connection  between 
small  globular  bodies  in  cells  and  those  which  form  precipi- 
tates ? lias  it  ever  been  observed,  that  a precipitate  is  formed 
from  a nucleolus,  as  has  been  found  in  cells  ? Or  is  a precipi- 
tate a vesicle  filled  with  a liquid  ? Here  analogy  is  entirely 
wanting;  and  all  that  we  can  say  is,  that  nucleoli  appear  to  have 
a globular  form  in  common  with  the  smallest  molecules  of 
many  precipitates.  Such  a conformity,  indeed,  ought  not  to 
lead  us  to  any  other  conclusion  than  this,  that  the  general 
laws  of  attraction  are  applicsvble  to  small  molecular  groups, — 
whether  organic  or  inorganic.  But  it  is  just  because  those 
laws  are  general,  that  they  are  insufficient  to  explain  a pe- 
culiar scries  of  phenomena,  oiaof  differences  between  animate 
and  inanimate  bodies. 

1 am  convinced  that  a knowledge  of  the  way  in  which 
precipitates  are  produced,  docs  not  give  us  the  least  assis- 
tance in  explaining  the  production  of  a cellular  membrane 
True  it  is  that,  when  the  cell-walls  are  burned,  inorganic 
substances,  such  as  silica,  lime,  and  potash,  are  left  behind. 
But  I think  it  wrong  to  conclude  from  this,  that  tliere  is  any 
analogy  between  the  cell-wall  and  a precipitate  Inorganic 
substances  are  constituents  of  tissues  as  well  as  organic  sub- 
stances. Cellulose  occurs  very  rarely  in  plants  entirely  free 
from  inorganic  constituents,  with  which  it  is  in  chemical 
combination.  With  these  it  forms  one  chemical  substance 
Cellulose  and  lime,  for  example,  produce  one  body.  When, 
therefore,  the  carbon,  hydrogen,  and  oxygen  are  volatilised, 
the  lime,  &c.,  must  of  necessity  remain  behind. 

I am  of  opinion,  that  in  attempting  to  explain  the  pro- 
duction of  elementary  parts  in  the  organic  kingdom,  we  must 
have  recourse  to  the  idea  of  activity  or  function;  otherwise,  the 
explanation  will  remain  defectiva  This  idea  of  activity  or 
function  is  embodied  in  the  idea  of  carbon,  hydrogen,  nitro- 
gen, and  oxygen,  as  conveyed  to  us  by  the  organic  groups, 
which  are  in  a continual  tendency  to  become  chemically 
changed,  and  which  actually  are  constantly  undergoing  such 
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change.  The  very  smallest  molecule  which  combines  with 
others,  and  forms  a nucleolus,  is  a little  organ,  for  it  performs 
a function.  It  possesses  the  power  of  generation,  and  is  in 
that  sense  an  individual ; not  simply  a molecule,  but  an  active 
molecule  In  this  respect  it  differs  from  a precipitate,  which 
is  united  into  a granular  body  by  a mere  cohesion  of  its 
particles,  without  manifesting  any  other  activity. 

This  activity — vital  action  we  call  it — proceeds  from  these 
four  altogether  peculiar  elementary  substances,  carbon,  hy- 
drogen, nitrogen,  and  oxygen,  as  soon  as  their  combinations 
are  placed  in  certain  peculiar  conditiona  These  conditions, 
though  entirely  of  the  chemical  class,  are  different,  however, 
from  those  which  are  usually  termed  chemical,  inasmuch  as 
they  either  cannot  be,  or  are  with  difficulty,  established  by 
art.  The  first  product  in  these  special  circumstances  is  the  for- 
mation of  peculiar  combinations,  which  assume  peculiar  forms, 
and  exhibit  a certain  permanent  activity  as  long  as  they  are 
under  the  same  circumstances.  If,  therefore,  in  the  hypo- 
thesis mentioned  above,  we  change  the  word  precipitation 
into  peculiar  chemical  arrangement,  with  a development 
of  activity  in  the  new  bodies,  and  of  new  forms  resulting 
from  the  action  of  the  composing  elements,  then  we  consider 
this  as  a definition  which  is  unobjectionable. 

I believe  we  might  define  life  and  its  functions  in  a few 
words,  as  being  the  chemical  relations  of  carbon,  hydro- 
gen, nitrogen,  and  oxygen,  with  all  their  results ; though 
there  are  many  vital  actions  which  cannot  yet  be  explained 
according  to  this  definition.  For  further  particulars  on  this 
subject,  I refer  to  the  first  chapter;  but  I considered  myself 
obliged  to  develope  here  somewhat  more  in  detail  the  produc- 
tion of  elementary  forms.  It  is  nothing  else  than  chemical 
action  ; but  this  is  by  no  means  sufficient  to  identify  it  with 
precipitation.  The  reduction  of  iron  in  a blast-furnace  is  a 
chemical  action,  and  so  is  the  combustion  of  combustible 
bodies,  but  neither  of  them  is  a precipitation. 

D.  Of  the  Inorganic  Subetanees  in  the  Organic  Kingdom. 

It  has  been  observed  that,  in  the  combustion  of  vegetable 
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organs,  after  all  the  organic  substances  have  been  decomposed, 
an  ash  is  left  behind,  which  exhibits  a real . skeleton  of  the 
organ.  Goeppert  found  this  skeleton  to  consist  of  potash 
and  lime,*  but  other  bases  must  also  be  present  In  many 
plants  silica  may  thus  be  found,  which, — when,  for  instance, 
cells  are  burned, — shows  the  exact  form  of  the  cells  in  the 
fine  spongy  ash,  that  remains  behind.  This  silicic  acid  is 
introduced  into  the  plant  in  the  form  of  silicate  of  potash, 
from  which  some  vegetable  acid,  combining  with  the  potash, 
has  separated  the  silicic  acid.  The  new  potash  compound 
is  dissolved  in  the  sap  of  the  plant  and  transferred  to  some 
other  place.  The  forms  of  the  sponge-ash  difier  with  the 
kind  of  organ  that  is  burned — from  spiral  vessels,  for  in- 
stance, the  ash  obtained  is  sometimes  very  beautifully  twisted 
in  the  spiral  form.  Most  of  these  inorganic  substances  may, 
to  a great  extent  at  least,  be  extracted  by  certain  solvents ; 
the  silicic  acid  by  means  of  potash,  and  the  bases  by  hydro- 
chloric acid. 

Botanists  have  not  yet  decided  whether  these  inorganic 
bases,  salts,  and  acids,  are  to  be  considered  as  component 
parts  of  the  organ,  or  as  mere  internal  deposits.  The  former 
opinion  is  maintained  by  Morren  and  Reade.'f 
The  matter  is  now  ripe  for  a decision. 

Cellular  systems  can  exist  without  even  the  smallest  trace 
of  inorganic  constituents,  as  is  shown  in  various  mould- 
plants.  Not  a trace  of  ash  is  to  be  found  in  the  Mycoderma 
vini,  for  instance.  ^ Moulds,  which  I saw  produced  in  large 
quantities  from  milk-sugar,  contained  not  a trace  of  ash.  The 
inorganic  constituents  of  plants,  therefore,  are  not  indispens- 
able to  the  formation  of  cellular  planta 

If,  on  the  other  hand,  we  bear  in  mind  that  the  same  inor- 
ganic constituents  are  found  in  so  many  different  plants,  then 
the  conclusion  is  natural,  that  these  constituents  perform 
some  function  within  the  plant,  and  are  not  merely  acciden- 
tally present  there. 

* I’oggcndorir « Aunalen,  Bd.,  88,  S.  568. 

t London  and  Edinburgh  Phil.  Mag.,  Nov.  1837,  p.  113. 

J Scheik.  Onderz.,  Dec).  1,  p.  53P. 
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1’  This,  however,  is  not  the  case  with  all  the  inorganic  sub- 
stances that  are  found  in  plants.  The  silica,  carbonate  of 
lime,  or  other  precipitates  deposited  in  the  cells,  are  in  a pas- 
sive condition,  and  have  been  produced  in  a passive  manner. 
They  exactly  resemble  those  precipitates  which  have  been 
produced  without  the  aid  of  organic  bodies,  and  are  formed 
in  a similar  manner,  viz.,  by  the  addition  of  a certain  dis- 
solved substance  to  the  liquid  within  a cell,  holding  another 
solid  substance  in  solution  with  which  the  former  can  pro- 
duce a precipitate.  If,  for  instance,  silicate  of  potash  in  a 
vegetable  sap  is  mixed  with  an  organic  acid,  such  as  oxalic 
acid,  oxalate  of  potash  and  silicic  acid  must  be  formed.  A 
great  number  of  substances  are  thus  separated  upon  and  in 
the  cell-walls ; for  into  these  walls,  saturated  as  they  ore  with 
saline  solutions,  other  liquids  often  enter  which  can  produce 
precipitates  with  those  substances  which  they  contain,  and 
these  precipitates  may  be  deposited  in  the  minute  cavities  of 
the  walls.  How  this  is  accomplished,  may  be  conceived  by 
imagining  a piece  of  paper  moistened  first  with  chloride  of  cal- 
cium, and  then  with  carbonate  of  soda  Between  the  fibres 
of  the  paper  chloride  of  calcium  was  enclosed — to  this  carbo- 
nate of  soda  is  added,  and  hence  a precipitate  of  carbonate 
of  lime  must  be  deposited  between  these  fibrea 

In  this  manner  various  salts,  which  are  insoluble  in  water, 
but  which  exist  in  the  parts  of  animals  and  vegetables,  have 
been  deposited  there.  They  continue  in  the  place  where  they 
have  been  first  separated,  unless  some  liquid  capable  of  dissolv- 
ing them  be  afterwards  introduced;  an  acid,  for  instance,  which 
can  remove  the  precipitates  from  the  cell-walls,  just  as  hydro- 
chloric acid,  used  to  purify  filtering  paper,  can  dissolve  the 
carbonate  of  lime,  carbonate  of  magnesia,  phosphate  of  lime, 
oxide  of  iron,  &<x,  which  are  enclosed  between  the  fibres  of  the 
paper.  But  there  are  only  some  plants  through  which  such 
acid  liquids  circulate.  Many  vegetable  juices  are  devoid  of 
any  free  acid,  and  if,  therefore,  in  these  plants  such  a preci- 
pitate is  formed,  it  cannot  be  again  dissolved. 

Payqn*  has  observed  such  precipitates  in  many  plants ; 

* ComptM  lUndui,  II.  p.  401,  1 840. 
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frequently,  for  instance,  in  some  species  of  Ficus,  F.  fermginea, 
laurlfolia,  &c.  They  present  themselves  as  clavate  little 
bodies,  covered  with  a liine-like  precipitate  ; he  saw  them  of 
a large  size  in  Parietaria  lusitanica  and  arborea.  In  Celtio 
Australis  their  form  was  cylindrical.  They  are  chiefly  found 
on  the  superior  surface,  below  the  epidermia  A lai^e  leaf 
of  Broussonetia  papyrifera  contained  134,000  of  these  bodiea 
According  to  Payen,  carbonate  of  lime  is  often  found  between 
the  cells  of  the  parenchyme  of  the  leaves  and  their  nerves,  in 
the  petals  and  sterna 

This  carbonate  of  lime  is  often  found  in  plants,  of  which 
the  sap  is  so  acid,  that,  when  it  comes  in  contact  with  the  car- 
bonate, carbonic  acid  ought  to  be  disengaged.  Payen  thinksy 
that  in  such  cases  the  precipitate  has  been  produced  by  the 
carbonate  of  ammonia  of  the  atmosphere  ; this,  however,  is 
not  likely. 

The  crystals  of  silica,  with  which  the  cells  of  the  Graminea^ 
Characeae,  and  Equisetacece,  are  filled,  exist,  according  to 
Payen,  on  the  surface  of  many,  perhaps  of  all,  leaves.  Occa- 
sionally he  found  them  also  in  the  intercellular  canals,  in  the 
form  of  spheroidal  concretions  The  cell-walls  of  the  epidermis 
in  all  plants  are  regularly  incrusted  with  silica,  but  it  is  found 
also  in  the  interior  cells,  though  it  occurs  there  much  less  fre- 
quently. We  are,  as  yet,  entirely  ignorant  as  to  the  functions 
performed  by  this  silica. 

Chara  translucens  has  a covering  of  silicic  acid,  whilst  Cba- 
ra  vulgaris,  under  the  same  circumstances,  has  one  composed  of 
silicic  acid  and  carbonate  of  lime,  and  Chara  hispida  has  s 
covering  of  carbonate  of  lime  only.* 

There  are  many  constituents  of  the  animal  body,  especially 
the  salts  of  the  bones,  of  the  teeth,  &c.,  which  are  in  the 
same  condition  as  the  inorganic  constituents  of  plants  just 
mentioned.  They  are  deposited  in  such  a manner  that  they 
are  easily  accessible  to  liquids.  They  can  be  readily  removed 
by  artificial  means  The  lime-salts  may  be  removed  from 
bones,  teeth,  ivory,  &c.,  by  digesting  them  with  hydrochloric 

* See  furtUer,  Pt.vcn  in  Mimoire*  »ur  Ice  Developpemens  dc»  Wgeuaj.  p. 
318. 
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4cid  In  some  diseases,  such  as  Rhachitis,  Sic.,  in  which  soft- 
ening of  the  bones  occurs,  the  bone-salts,  previously  deposited, 
are  again  dissolved  and  removed.  This  can  only  be  effected 
by  some  acid  liquid.  As  the  blood  is  naturally  alkaline, 
it  cannot  dissolve  these  salts,  and  as  in  Rhachitis  the  salts 
disappear  from  the  bones,  it  is  evident  that  in  this  disease 
the  blood  must  have  undergone  real  chemical  changes,  and 
that  this  nourishing  fluid,  as  it  comes  out  of  the  bones,  must 
be  acid,  or  at  least  able  to  dissolve  salts  of  lime. 

Osseous  tumors  and  similar  excrescences  are  instances  of 
a morbid  secretion  of  these  lime-salts,  of  their  deposition  in 
places  where  they  ought  not  to  be ; while  exostose  results 
ih>m  an  expansion  of  the  tissue,  in  which  the  bone-salts  are 
usually  deposited. 

The  shells  of  Crustacea,  and  of  tortoises,  as  well  as  many 
other  animal  products,  originate  in  a similar  manner. 

Besides  this  passive  deposition  of  insoluble  inorganic  sub- 
stances, there  is  an  active  deposition  also,  being  a chemical 
combination  of  these  substances  with  the  organic  parts  of  the 
tissues,  so  that  they  become  constituent  parts  of  the  tissues 
themselves.  A multitude  of  instances  of  this  kind  occur, 
especially  in  the  animal  kingdom.  Even  from  the  fibrin  of 
the  blood,  or  from  coagulated  albumen,  the  inorganic  sub- 
stances cannot  be  entirely  removed  by  an  acid. 

2°  If  this  combination  is  so  intimate  in  substances  which 
have  been  originally  in  a state  of  solution,  it  must  be  much 
more  intimate  still  in  substances  that  are  naturally  solid. 
Thus  the  ligamentary  tissue  contains  a large  proportion  of 
carbonate  and  phosphate  of  lime ; in  chondrine  a still  larger 
quantity  is  present ; in  a word,  these  compounds  are  found 
chemically  combined  in  all  animal  substances,  in  all  classes 
of  tissuea  Into  the  corpuscles  of  the  blood,  they  have  so 
deeply  penetrated,  so  completely  combined  with  the  cellular 
membrane,  that,  after  this  membrane  is  burned,  they  remain 
behind,  having  the  same  form  as  the  corpuscle  of  the  blood 
itself* 

» Mixed  with  them,  are,  howerer,  the  gaits  of  the  serum,  with  which  the 
blood  corpuscles  are  Ihoroiighlj  saturated. 
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It  is  not  very  difficult  to  say  by  what  force  the  inorganic 
substances,  in  the  cases  mentioned,  are  united  to  the  organic 
parts ; why,  for  instance,  in  the  wall  of  a young  cell,  consist- 
ing of  cellulose,  or  in  a spiral  vessel,  inorganic  substances  are 
deposited.  The  force  is  no  doubt  identical  with  that  by 
which  metallic  oxides,  such  as  oxide  of  iron,  alumina,  &c. 
adhere  to  substances  in  the  process  of  dyeing  cotton]  and 
other  tissuea  But  no  satisfactory  explanation  has  yet  been 
given  of  the  nature  of  this  attraction.  Bergmann,  Macquer, 
and  Berthollet  considered  the  latter  combinations  as  chemi- 
cal ; others  compare  them  to  the  retaining  of  metallic  salts 
or  colouring  matters  and  gases  by  charcoal  and  other  porous 
substances,  and  therefore  consider  them  as  effects  of  attrac- 
tion at  minute  distances,  without  regard  to  equivalent  pro- 
portions.* 

All  that  can  be  stated  on  this  subject  with  certainty  is, 
that  no  substance  is  known  to  exist  in  the  organic  kingdom 
which  is  perfectly  neutral,  that  is,  which  has  no  power  what- 
ever of  combining  with  other  substances.  The  cellulose, 
which  is  the  chief  material  of  the  young  cells  in  plants,  is  cer- 
tainly not  a perfectly  neutral  substance  ; on  the  contrary,  it 
possesses  the  power  of  forming  chemical  combinations  with 
lime,  potash,  magnesia,  and  oxide  of  iron.  If  the  formula  for 
cellulose  be  correct,  viz.,  C2<  O^i,  the  proportion  of  inor- 
ganic base,  which  unites  with  cellulose  into  a neutral  com- 
pound, might  contain  a quantity  of  oxygen  equal  to  a l-21st 
part  of  that  of  the  cellulose. 

Instead,  therefore,  of  being  surprised  that  the  cell-wall 
contains  inorganic  bases,  we  ought  to  wonder  that  the 
quantity  which  it  does  contain  is  not  larger.  In  many  cells 
the  separation  of  bases  is  prevented  by  their  not  being  in  a 
free  state  ; the  acid,  which  in  the  sap  is  in  combination  with 
the  base,  prevents  the  saturation  of  cellulose  by  lime,  potash, 
&c.  Wherever,  therefore,  a constituent  of  the  cell- wall  itself 
has  the  character  of  an  acid,  such  as  mucilage  or  pectose,f 

* See  Crum,  in  Jonm.  fUr  Pract.  Chemie,  1844,  No.  11  and  12,  S.  H4. 

f Pectoee  U the  name  given  provisionally  to  the  substance,  which,  when 
boiled  with  an  alkali,  produces  pectic  acid. 
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the  wall  is  found  to  contain  a large  proportion  of  bases,  which 
cannot  be  extracted  from  it  by  weak  acids. 

The  source  of  all  these  inorganic  substances  that  are  pre- 
sent in  plants,  is  the  v^etable  sap  which  is  sucked  in  by  the 
roots.  Animals  receive  them  either  from  plants  or  from  the  ani- 
mals upon  which  they  live,  and  also  from  water.  The  greater 
part  of  the  salts  that  exist  in  the  serum,  are  found  in  com- 
mon water  (p.  124)  : and  from  it  the  salts  are  derived,  which 
are  necessary  to  the  formation  of  tissues  and  of  the  pre- 
cipitates above  mentioned.  Phosphate  of  lime,  which  is  not 
contained  in  common  water,  and  oxide  of  iron,  are  supplied  to 
animals  by  plants.  A large  quantity  of  the  former  exists 
in  com  crops,  and,  according  to  Kaspail,*  in  a crystallised 
state  in  the  Orchis,  Omithogalum,  Narcissus,  Hyacinthus,  &c. 


In  a former  note,  p.  244, 1 gave  an  abstract  of  some  recent  experiments  of 
Cbodnew,  on  pectin  and  pectic  acid,  Thirb  has  led  him  to  pronounce  the  pre- 
rions  researches  of  Mulder,  Begnault,  Fremy,  and  others,  to  be  erroneous,  and 
to  establish  a series  of  lire  different  compounds,  according  to  him  cither 
existing  in,  or  easily  obtained  from,  the  common  turnip.  In  giving  this  ab- 
stract, I stated,  at  the  same  time,  my  conviction,  that  whosoever  should  again 
take  up  the  subject  would  arrive  at  results  very  diflerent  from  those  of 
Chodnew.  The  more  recent  investigations  of  Mulder  have  confirmed  this 
anticipation,  and  have  presented  a very  striking  illustration  of  the  haste,  and 
of  the  want  of  care  and  skill,  with  which  the  young  chemists  of  the  present 
day  are  pushing  forward  the  branch  of  organic  chemistry. 

Mulder  has  shown  that  of  all  the  five  compounds  described  and  analysed  by 
Chodnew,  only  one  exists,  the  formerly  well-known  and  long  described  pectie 
acid.  All  the  other  substances  he  analysed  were  mere  mixtures  of  cellulose, 
sugar,  dextrin,  protein  compounds,  and  pectic  acid,  in  various  states  and  pro- 
portions. 

One  important  correction,  however,  these  new  researches  have  induced 
Mulder  to  make  on  the  formula  for  pectic  acid.  He  finds  that  as  it  is  ex- 
tracted from  the  turnip  in  a free  state,  it  contains  water  in  a state  of  chemical 
combination,  that  it  is  best  represented  by  the  formula ; — 

Pectic  acid,  (free)  C**  H’  0“  -h  H 0 

Pectic  acid  in  its  salts,  C**  H’  0“ 

For  so  much  knowledge  we  are  indebted  to  Chodnew. 

Pectic  acid  is  extracted  from  the  turnip  by  grating,  washing  well,  then 
boiling  in  dilute  carbonate  of  soda,  and  precipitating  the  filtered  solution. 
To  the  unitnown  substance  in  the  turnip,  which  by  boiling  with  an  alkali,  is  then 
eonverted  into  pectic  acid,  the  name  of  pectose  is  provisionally  given. — J. 

“ Cbimie  Organ.,  Paris,  1838,  tome  3,  p.  597. 
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This  salt  must  be  present  in  a state  of  solution  in  the  blood 
of  animala  Being  first  dissolved  by  the  hydrochloric  acid  in 
the  stomach,  it  would  be  precipitated  again  in  the  blood,  which 
is  alkaline,  were  it  not  that  the  phosphate  of  lime  can  form 
soluble  combinations  with  the  soluble  albumen  and  fibrin.* 
It  circulates  through  plants  in  the  same  manner  as  through 
the  animal  body,  viz.,  united  with  protein  into  a soluble  com- 
pound. There  also  the  soluble  albumen  is  the  vehicle  of  this 
insoluble  salt,  and  hence  it  is  likely  that  in  the  seeds  of  the 
corn  crops,  which  contain  so  much  coagulated  albumen  in 
combination  with  phosphate  of  lime,  it  has  been  introduced 
as  a liquid  into  the  very  places  where  it  is  found. 

We  can  very  well  imagine  how  plants  take  up  these  in- 
soluble salts  from  the  soil  The  latter  contains  free  acids, 
chiefly  acetic  acid,  formic  acid,  and  the  several  organic  acids 
peculiar  to  the  soil  (p.  146).  By  them  lime  and  magnesia, 
phosphate  of  lime,  and  oxide  of  iron,  are  dissolved  ; and  the 
weak  acid  liquid  thus  produced  is  carried  on  to  those  places 
in  the  extremities  of  the  roots  where  protein  is  prepared. 
It  is  from  that  place,  at  least  in  part,  that  by  means  of  the 
protein  these  bases  and  the  phosphate  of  lime  are  carried  along. 
The  same  process  takes  place  in  animals.  The  phosphate  of 
lime,  for  instance,  contained  in  grain,  is  dissolved  by  the  hy- 
drochloric acid  in  the  stomach,  and  converted  into  a soluble 
salt  of  lime.  This,  however,  is  not  transferred  into  the  blood 
unchanged,  but  the  acid  fluid  1>eing  made  neutral  by  the  al- 
kali, present  in  the  small  intestines,  the  lime-salt  would  be 
precipitated,  were  not  protein  present,  by  which  the  salt  can 
be  taken  up,  and  transferred  into  the  blood,  and  through  the 
blood  into  every  part  of  the  body. 

But  it  is  less  easy  to  explain  how  the  phosphate  and  car- 
bonate of  lime  are  separated  from  the  blood,  and  deposited 
in  the  bones.  It  is  probable  that  this  is  connected  with 
the  transformation  of  those  constituents  of  the  blood,  by 

* We  shsll  shoT,  when  treating  of  the  blood,  that  Enderlin'i  ezperimcnu 
(Anna),  der  Pharmacie  und  Chemie,  Haart,  1844,  S.  317,}  are  incoireet  He 
conclodea  from  them,  that  the  ealu  in  the  blood  coneiat  chieflT  of  phosphate 
of  soda. 
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which  this  salt  is  held  in  solution,  into  the  gelatinous  tissue 
of  the  bones. 

If  the  gelatinous  matter  of  the  bones  is  produced  from  de- 
composed fibrin,  or  &om  tri-oxide  of  protein,  which  is  pro- 
duced from  fibrin  by  respiration,  (for  this  tri-oxide  has  also  the 
property  of  combining  with  phosphate  of  lime)  then  the  phos- 
phate and  carbonate  of  lime,  present  in  fibrin,  &c.,  may  be  left 
behind  in  the  form  of  precipitates  at  the  place  where  the  trans- 
formation takes  place,  and  thus  the  little  cavities,  left  open  by 
the  gelatinous  tissue,  may  be  filled  up.  If  this  is  the  nature  of 
the  process  which  takes  place,  then  it  is  evident  that  the  lime 
precipitated  in  the  skin,  the  serous  membranes,  and  other  parts 
produced  from  gelatinous  tissues,  must  be  redissolved,  as  the 
quantity  of  lime-salts  which  are  found  in  these  parts  is  not 
large.  This  may  be  explained  by  the  plethoric  state  of  the 
skin,  and  the  activity  of  the  serous  membranes,  which  are  con- 
tinually secreting  fluids  ; whilst  the  slowness  with  which  the 
blood  circulates  in  the  bones,  causes  the  lime-salts,  once  de- 
posited, to  remain  on  the  spot  where  they  are  secreted. 

It  is  certain  that  the  inorganic  substances  in  the  fluids  of 
the  animal  body  are  combined  iu  equivalents  with  the  organic 
substances  present  in  the  same  fluids.  The  fibrin  of  the  blood,, 
when  separated  in  a pure  state,  contains  a proportion  of  salts, 
which  is  constant  for  the  same  species  of  animals ; so  the  crys- 
talline of  the  eye  always  contains  0.6  per  cent,  of  a white  ash, 
in  which  lime  is  found.  This  may,  therefore,  be  considered 
as  an  established  fact  with  regard  to  every  elementary  tissue 
In  some  constituents  of  plants,  both  solid  and  liquid,  this 
must  necessarily  be  so.  Cream  of  tartar  exists  in  grapes  in 
the  state  of  tartrate  of  potash,  plus  tartrate  of  water ; mixed, 
however,  with  tartrate  of  lime  in  the  state  of  a neutral 
salt  That,  however,  the  quantity  of  oxygen  contained  in  all 
the  bases  of  a wJujie  plant,  should  be  constant  for  the  whole 
species  of  that  plant,  as  Liebig  asserts,  is  evidently  impossi- 
ble. (See  Inorganic  food  of  plants.)  This  is  to  be  con- 
'sidered  equally  impossible,  as  that  the  quantity  of  oxygen 
contained  in  all  the  bases,  which  are  present  in  every  indivi- 
dual of  the  same  species  of  animals,  could  be  constant 
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It  is  remarkable  that,  within  certain  limits,  the  inor- 
ganic constitution  of  plants  may  vary,  with  the  soil,  from 
which  the  plants  obtain  their  salts.  Some  of  these  con- 
stituents, however,  cannot  be  replaced  by  others,  and  if 
they  are  deficient  in  a soil,  the  plants  get  into  a lan- 
guid state,  or  even  do  not  grow  in  it  at  all  We  shall  enter 
into  this  more  fully  when  treating  of  the  nutrition  of  j>lants. 
All  that  is  required  here,  is  to  mention  generally,  in  what 
state  the  inorganic  constituents  exist  in  the  elementary  tis- 
sues of  plants  and  animals : we  call  this  an  ordinary  chemi- 
cal state  or  condition.  The  bases, — such  as  lime,  soda, 
potash,  magnesia, — neutralise  the  solid  constituents  of  the 
tissues,  which  have,  in  most  cases,  a high  equivalent  weight, 
provided  this  be  not  prevented  by  other  causes.  In  many 
tissues  the  bases  are  replaced  by  basic  salts.  The  reason  why 
animal  tissues  contain  a larger  proportion  of  inorganic  con- 
stituents than  those  of  plants,  is  that  the  fluid  which  circu- 
lates in  animals  is  alkaline.  Among  the  vehicles  by  means  of 
which  these  bases  are  transferred  from  one  place  to  another, 
are — in  plants  and  animals,  albumen, — in  plants  alone,  dex- 
trin and  mucilage, — in  animals  alone,  tri-oxide  of  protein, 
and  dissolved  albumen  and  fibrin. 

The  observations  made  by  Meyen,  that  under  the  epider- 
mis of  fig-tree  leaves,  crystalline  substances  are  found, 
hanging,  as  it  were,  from  a cellular  string  within  laiger 
cavities  (utriculi),  have  induced  Payen*  to  institute  a great 
number  of  investigations  into  the  crystalline  substances 
of  plants.  He  has  met  them  in  many  Urticeic,  and  various 
other  plants.  According  to  him,  these  crystals  are  formed 
by  an  organic  tissue,  which  at  the  same  time  secretes  the 
crystalline  substance,  and  becomes  converted  into  the  cavity 
in  which  this  substance  is  inclosed.  The  little  organ  by 
which  the  crystal  is  secreted,  is  placed  in  the  centre  of  a 
large  utricle.  It  consists  of  two  parts,  different  both  in 
structure  and  in  function ; the  one  is  formed  from  the  tissue 
of  the  surrounding  cells,  and  constitutes  the  cellular  string 

* Aniules  det  Se.  Nst,  Dee.  1841,  p.  321. 
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of  which  one  end  is  fixed  into  the  interior  part  of  the  epider- 
mis ; the  other  end  consists  of  cells  so  small  that  it  has 
the  appearance  of  being  composed  of  little  points  aggregated 
into  one  mass,  which,  as  Pajen  states,  are  like  a lustre  hanging 
by  a string  in  the  utricle  This  apparatus  does  not  undergo 
any  change  during  the  growth,  but  the  little  vessels  (vas- 
cuoles)  are  gradually  filled  with  a solution  of  carbonate  of 
lime,  from  which  this  salt  is  crystallised  out,  so  that  mamil- 
lar  or  crystalline  particles  appear  on  the  exterior  sur- 
face of  the  cellular  layers.  In  other  plants,  however,  tliis 
secreting  organ  is  sometimes  of  another  form,  as  for  instance, 
in  Broussonetia  papyrifera  (p.  386). 

This  induces  Payen  to  conclude  that  the  crystals  in  plants 
are  not  deposited  by  chance,  but  are  produced  by  peculiar 
organs.  This  conclusion  is  certainly  much  too  general;  for  the 
immense  number  of  crystals  of  oxalate  of  lime,  which  are 
found  loose  in  the  cells  of  so  many  plants,  can  not  require 
peculiar  organs  for  their  production,  although  they  are  of 
great  importance  as  regards  the  physiology  of  plants,  since 
they  show  the  transition  of  carbonic  into  oxalic  acid,  with 
disengagement  of  oxygen : 

C2  0<  = C2  03  -f  0. 

Payen  has  found  the  oxalate  of  lime  under  different  forms. 
These  were  either  needle-shaped  crystals,  radiating  from  a 
common  centre,  and  placed  in  the  parenchyma  and  around  the 
nerves  of  the  leaves  of  various  plants,  or  rhombohedrons  aggre- 
gated into  a large  volume,  as  for  instance,  in  the  parenchyma 
of  the  leaves  and  below  the  epidermis  of  Citrus,  Limonia,  and 
Juglans  regia.  He  found  much  of  this  salt,  and  in  large  masses, 
in  the  Cacteas,  where  it  had  the  form  either  of  sharp  laminie 
or  of  prisms,  more  or  less  elongated,  which  by  their  union 
formed  spheroids  that  were  either  rough  or  without  sharp 
points.  He  found  similar  crystals  of  this  salt  in  plants  related 
to  the  above,  such  as  Opuntia,  Echinocactus,  Cereus,  Cactus, 
Rhipsalis. 

In  the  biforines  of  Turpin  also,  Payen  discovered  two  little 
crystals  of  oxalate  of  lime,  so  placed  that  when  the  needle- 
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shaped  crystals  are  dissolved  out,  the  membranaceous  utricle 
in  which  they  are  enclosed  becomes  quite  flexible. 

When  the  little  organs  containing  the  crystals  of  oxalate  of 
lime  were  burned,  Payen  found  that  a nliceous  substance  was 
left  behind,  which  had  retained  exactly  the  form  of  the  organ 
by  which  the  salt  was  secreted.  This  induced  him  to  bum 
fragments  of  the  stems  of  Graminete  and  Cactus,  and  also  parts 
of  the  leaves,  the  petals,  and  the  pollen,  having  previously  di- 
gested them  with  acids  ; and  he  always  found  those  siliceous 
remains  in  such  a form,  that  they  still  represented  even  the 
most  minute  peculiarities  of  the  organisation,  having  some- 
times irregular  masses  of  silica  intermixed. 

The  little  organ  by  which  these  crystals  are  secreted  is  not 
cellulose,  but,  as  it  is  called  by  Mirbel,  (the  reporter  of  Payen’s 
labours)  cambium  plobulo-edlvUux.  Now,  according  to  Payen, 
cambium  contains  a great  deal  of  nitrogen,  and  so  in  the 
parts  which  contain  the  crystals,  though  consisting  of  cellu- 
lose, nitrogen  is  found,  in  consequence  of  the  secreting  organ 
being  built  up  of  cambium. 

Payen  thinks  that  the  secretion  of  oxalate  of  lime  is  owing 
to  the  juices  being  either  neutral  or  alkaline  The  clear, 
colourless  sap  of  Mesembryanthemum  crystallinum  has  an 
alkaline  reaction,  whilst  that  of  the  tissue  surrounding  the 
vesicles,  which  are  filled  with  liquid,  is  acid.  Owing,  thoe- 
fore,  to  the  alkaline  character  of  the  liquid  m'Min  the  vesicles, 
the  oxalate  of  lime,  first  held  in  the  solution,  can  be  crystal- 
lised out,  which  actually  takes  place.  * 

This  secretion  by  peculiar  organs  is,  in  our  opinion,  depen- 
dent upon  the  general  causes  of  change  of  materials,  which 
are  active  in  plants.  It  is  an  established  fact,  that  carbonic 
acid  is  decomposed  in  planta  This  carbonic  acid  is  not  de- 
composed by  organ*,  but  by  substances  in  activity,  and  there- 
fore necessarily  in  a state  of  solution.  At  the  formation  of 
oxalate  of  lime,  these  substances  may  be  enclosed  in  peculiar 
little  vesicles ; but  these  minute  cavities  are  only  the  spaces  in 

* Sm  Pajen  in  MemoirM  gur  Im  Developpemeni  de«  VFg^taox,  5e  Me- 
moir*, p.  387. 
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witcJk,  and  not  the  agente  by  which,  the  change  is  accomplished. 
In  order  to  give  any  account  of  the  changes  which  take 
place  in  the  chemical  nature  of  organic  bodies,  we  must  at- 
tempt to  analyse  the  idea  of  an  organ,  and  so  to  reduce  it  to 
its  simplest  signification.  (See  hereafter  the  section  on  Con- 
ccrnon  of  Subdancct  in  Plante  and  Animals.) 

Unger*  has  published  a number  of  observations  on  the 
crystals  found  in  planta  From  Piper  blandum.  Ficus  benga- 
lensis,  and  Marantha  zebrina,  he  has  obtained  crystals,  con- 
sisting of  an  organic  acid  and  lime  ; in  the  two  latter  plants 
this  acid  was  oxalic  acid,  but  the  nature  of  that  in  the  for- 
mer he  could  not  determine.'f 
All  animal  fluids,  of  whatever  description, — blood,  lymph, 
saliva,  urine,  bile,  &c., — always  hold  crystallisable  substances 
in  solution.  But  in  animals  both  the  large  quantity  of  the  dis- 
solving liquid,  and  the  rapid  circulation  of  the  fluids — which 
goes  on  without  interruption  in  most  parts  of  the  organism — 
prevent  the  deposition  of  those  substancea  In  plants,  on  the 
contrary,  it  is  materially  assisted  by  opposite  causea  As  long, 
therefore,  as  the  animal  body  is  in  a normal  state,  no  crystals  or 
deposited  inorganic  substances  are  found  in  it,  except  only  in 
the  bones  and  the  adjoining  tissues,  where  the  slower  passage  of 
the  nutritive  fluid  acts  as  the  chief  cause  of  the  deposition  of 
lime  salts.  Similar  secretions  are  also  to  be  seen  in  the  for- 
mation of  the  testaceous  teguments  of  some  animals,  such  as 
the  shells  of  snails,  muscles,  and  oysters,  the  development  of 
the  calcareous  shells  of  eggs,  and  in  other  similar  casea^ 

In  none  of  these  organs  could  a deposition  of  the  solid  sub- 
stances take  place,  any  more  than  in  the  muscles  and  similar 
tissues,  if  the  fluids  circulated  through  them  as  quickly,  in- 
cessantly, and  largely,  as  they  do  through  the  latter.  Nay,  if 
the  fluids  passed  through  quickly  and  abundantly,  such  solid 
parts,  although  actually  deposited,  would  be  re-dissolved  and 
carried  oflT. 


* AnnalcD  dc*  Wiener  Museums,  Bd.  2,  8.  1. 

+ See  also  Meyen's  Physiology,  I.  8.  212. 

; S««  farther,  Valentin  in  Wagner’s  Uandirarterb.,  I.  S.  68S. 
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Such  is  the  general  exposition  of  this  process  so  far  as 
science  can  give  it  at  present  We  shall  enter  into  further 
particulars  upon  this  subject  when  the  tissues  are  treated 
of  separately. 

From  what  has  been  stated,  it  is  evident  why  the  crystal- 
lisation of  solid  substances  occurs  so  frequently  in  plants,  but 
so  rarely  in  animals. 

Precipitates  in  the  organic  kingdom,  when  produced  from 
a lai^  quantity  of  liquid,  make  their  appearance  in  the  animal 
body  chiefly  under  the  form  of  diseased  excretions  Many 
of  the  concretions  which  are  present  in  these,  are  highly  im- 
portant Bezoar  and  horse-stones  are  produced  in  the  intes- 
tines ; the  biliary  calculi  in  the  biliary  canals ; gravel  and 
stone — a precipitate  or  a crystalline  concretion — in  the 
urinary  organs ; solid  calcareous  concretions  in  the  inner 
part  of  the  ear,  and  in  the  salivary  canals ; ossifications  in 
the  rib-cartilages  and  the  coats  of  the  arteries  ; solid  de- 
posits in  tissues,  which  are  usually  free  from  them,  such  as 
occur  in  the  ovaries  and  in  the  case  of  gout 

The  general  cause  of  the  formation  of  those  precipitates  is, 
that  the  liquid  contains  one  or  more  solid  substances  in 
larger  quantity  than  it  can  hold  in  solution  ; in  the  bile,  for 
instance,  cholesterin,  and  in  the  urine  oxalate  of  lime,  urate  of 
lime,  and  uric  acid.  If  the  substances  present  are  such  that 
they  can  produce  precipitates  in  the  urine,  gravel  is  formed; 
if,  on  the  contrary,  they  can  only  deposit  themselves  slowly, 
an  ordinary  crystallisation  takes  place,  which  is  erroneously 
supposed  always  to  originate  around  a little  flock  of  mucus 
or  a foreign  nucleua  An  ordinary  crystal  does  not  require 
a foreign  nucleus  for  its  production  ; neither  is  this  required 
by  uric  acid,  which,  if  present  in  large  quantities,  has  a ten- 
dency to  crystallise  in  the  animal  body. 

Both  the  first  production  and  the  increase  in  size  of 
these  solid  bodies,  arc  effected  by  one  and  the  same  causa 
From  the  excess  of  solid  substances  a tendency  arises  to 
form  a small  crystal,  and  subsequently  to  make  this  grow  to 
a larger  size.  The  production  of  such  concretions  is  an 
action  in  which  the  organism  takes  no  direct  part;  it 
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is  to  be  classed  with  ordinar7  precipitation  or  crystallisation. 
The  stones  in  the  intestines  of  horses  are  formed  from  the 
salts  of  their  footl ; the  bezoars,  which  contain  lithofellinic 
acid,  from  a product  of  the  bile.* 

E.  The  Titeues  of  PlanU. 

A small  number  of  tissues  has  sufficed  for  the  production  of 
the  v^etable  kingdom,  with  all  its  variety  in  external  form, 
with  all  the  multitude  of  members  of  which  it  consists. 
The  main  organs  of  this  kingdom  are  cells,  of  whose  origin 
and  structure  we  have  just  treated  ; — membranaceous  little 
bags,  which,  though  placed  near  each  other  in  difiFerent  ways, 
and  united  into  new  and  different  forms,  always  constitute 
the  great  bulk  of  the  plant 

We  have  remarked  before,  that  a plant  may  consist  of  one 
single  cell  Some  mould  plants  consist  of  a few  cells,  united 
into  a whole  The  more  complicated  this  union  is,  the  more 
numerous  are  the  functions  which  the  little  plants  can  perform, 
and  the  more  their  external  forms  are  varied.  In  proportion  to 
the  diversity  of  the  organs,  developed  from  the  cells,  the 
functions  and  forms  become  more  diversified  ; hence  the  in- 
vestigation of  the  tissues  of  plants  is  nothing  else  than  the 
investigation  of  the  position,  form,  connexion,  and  transfor- 
mations of  the  cells  in  plants. 

The  cells  of  plants  present  some  points  of  similarity  with 
those  of  animals,  but  at  the  same  time  they  are  characterised 
by  important  differencea  The  most  essential  point  of  simi- 
larity is,  undoubtedly,  the  independence  of  their  existence  and 
action. 

But  the  differences  between  vegetable  and  animal  cells  are 
as  great  as  the  difference  of  the  orders  of  beings  to  which  they 
respectively  belong.  A vegetable  cell  cannot  produce  an  ani- 
mal tissue,  neither  can  an  animal  cell  give  rise  to  a vegetable 

* Gniboart,  in  Comptci  Bendns,  tome  16,  p.  130.  Dorzelina,  Jahreeb. 
1843,  S.  670.  I do  nothing  more  than  refer  to  thia  lubject  in  paaaing,  be- 
eanse  it  U connected  vitb  general  chemical  laws,  and  not  with  those  special 
rales  which  operate  in  the  organic  kingdom. 
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one.  The  substances  from  which  the  former  cells  are  built  up, 
are  entirely  different  from  those  of  the  latter.  In  not  one  ani- 
mal cell  has  even  a trace  ever  been  found  of  that  substance 
which  constitutes  the  whole  of  an  unincrusted  vegetable  cell, 
viz.,  cellulose.  The  latter  being  in  all  plants,  without  exception, 
the  material  of  the  original  cells,  is  the  cause  of  the  similarity 
in  the  structure  and  functions  of  plants ; and  its  absence 
in  animals  is  the  cause  of  the  difference  between  vegetable 
and  animal  cells.  However  cells  may  be  changed  by  age,  the 
cellulose  never  entirely  disappears,  though  other  substances 
are  often  deposited  upon  it 

Another  remarkable  difference  between  the  cells  of  plants 
and  those  of  animals  is,  that  the  former  have  a great  ten- 
dency to  preserve — the  latter  to  lose — the  cellular  form.  With 
the  exception  of  the  different  kinds  of  epithelium,  feathers, 
cartilaginous  tissue,  and  a few  other  substances,  the  animal 
tissues,  when  full  grown,  always  consist  of  transformed  cells 
or  other  original  particles,  produced  from  cell  kernela  These 
particles  have  often  retained  nothing  of  what  they  were  dur- 
ing their  development,  except  the  cell  kernel  or  nucleus,  and 
sometimes  not  even  this ; whilst,  on  the  other  band,  the  great 
mass  of  plants,  both  vascular  and  cellular,  continues  to  con- 
sist of  real  cells,  of  which  only  the  walls  increase  in  thickness. 
Even  those  parts  which  are  called  vessels  by  botanists, — with 
the  exception  of  the  laticiferous  and  the  spiral  vessels, — are 
nothing  but  a kind  of  elongated  cells,  and  to  them,  therefore, 
the  name  of  cells  is  equally  applicable. 

There  still  rests,  alas ! a thick  cloud  over  our  knowledge 
of  the  cells  of  plants,  although  the  most  acute  philosophers 
have,  with  the  greatest  exertion,  directed  their  attention  to 
the  subject  Different  cellular  systems,  though  similar  in 
form,  though  apparently  of  the  same  chemical  composition, 
though  drawing  their  food  from  the  same  source,  produce  very 
different  substances.  In  general  the  greatest  conformity  pre- 
vails in  regard  to  the  cells  of  plants,  notwithstanding  the 
variety  in  the  form  and  substance  of  their  producta  One 
universal  substance,  cellulose,  exists  in  all  plants,  constituting 
the  basis,  the  material  of  their  cells.  But  this  very'  fact,  that 
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one  single  substance  can  assume  the  most  different  forms, 
prevents  us  as  jet  from  giving  any  satisfactory  exposition  of 
this  part  of  natural  science. 

F.  The  Connecting  Subetance  of  the  Celle. 

It  has  long  been  a matter  of  uncertainty  how  the  connec- 
tion between  the  cells  and  other  simple  organs  in  plants  is 
established.  If  we  assume  a cell  formation,  by  and  from  the 
cells,  either.in  the  sense  of  Schleiden  and  Schwann,  or  in 
that  of  Mirbel,  .or  in  any  other  sense,  this  point — the  means 
by  which  the  cells  are  connected  together — is  left  entirely 
undecided.  ITie  juxtaposition  of  two  hollow  membranaceous 
little  spheres  does  not  imply  their  intimate  connexion, — does 
not  enable  them  to  form  a tissue. 

Besides  the  point  of  mere  cohesion,  there  is  another  still  re- 
quiring elucidation,  viz.;  do  the  cell  walls  cohere  directly,  or  is 
there  a substance  between  them,  by  which  the  walls  are  bound 
together  ? 

According  to  Mohl,  the  composing  simple  organs  are  con- 
nected together,  not  directly,  but  by  means  of  a peculiar  sub- 
stance, which  he  calls  intercellular  matter.  In  many  plants, 
especially  in  the  Fuci,  the  cells  are  at  such  a distance  that 
their  walls  cannot  possibly  touch  each  other  ; and,  therefore, 
if  there  were  no  substance  between  them,  an  empty  space 
ought  to  exist  The  substance  found  between  these  cells  is 
called  by  Mohl,  intercellular  matter. 

In  plants,  where  the  cells  are  at  a great  distance  from  each 
other,  this  matter  of  Mohl’s  must  constitute  a large  portion 
of  their  bulk.  But  in  most  plants  this  great  distance  does 
not  exist  Hence  we  might  expect  that  in  plants,  where  the 
cells  and  vessels  are  in  direct  mutual  contact,  this  intercel- 
lular matter  should  be  wanting.  But  it  has  been  found  even 
there; — the  means  employed  being  nitric  acid,  by  which 
the  substance  between  the  cells  was  dissolved  out  without 
the  cells  themselves  being  in  the  least  affected. 

Both  the  character  and  the  mode  of  production  of  this  sub- 
stance are  as  yet  unknown. 

In  the  investigations  which  I have  made,  along  with 
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my  colleague  Hartiiig  (see  below),  we  have  very  often  ob- 
served traces  of  an  intercellular  matter.  In  the  seeds  of  Iris, 
fig.  82,  and  those  of  Phytelephas,  fig.  85,  the  cells,  when 
acted  upon  by  strong  sulphuric  acid,  are  immediately  de- 
tached from  each  other,  whilst  a transparent  margin  is  left 
between  them,  which  can  only  be  accounted  for  by  supposing 
the  presence  of  an  intercellular  matter,  which  has  been  dis- 
solved. The  same  took  place  in  various  other  instances,  as 
may  be  seen  in  the  plates.  We  do  not  yet,  however,  consider 
ourselves  entitled  {lositively  to  assume  the  existence  of  a ge- 
neral intercellular  substance.  In  by  far  the  greater  part  of 
our  investigations  we  found  it  absent. 

Among  the  substances  that  are  to  be  considered  as  inter- 
cellular, or  at  least,  serving  as  a boundary  between  the  walls 
of  young  cells,  we  may  include  pectose.  This  substance 
partly  penetrates  into  the  cell-wall  Itself,  but  in  part  it  sepa- 
rates the  cells  from  each  other,  as  in  turnips,  forming  the 
external  layer  around  the  cellulose.  We  observed  the  same 
in  the  collenchyma  of  some  plants  (see  CoUetickyma). 


G.  Vegetable  CelU. 

These  cells  assume  different  forms  according  to  their  mode 
of  growth.  They  are  globular  if  not  acted  upon  by  extrane- 
ous causes,  and  if  the  substance  of  which  they  consist  is  uni- 
formly distributed  over  them.  They  exist  in  this  condi- 
tion in  young  parts,  and  in  the  merenchyma  of  herbaceous 
plants. 

If  developed  in  large  quantities,  and  continually  increasing 
in  bulk,  they  press  against  each  other ; and  when  all  are  of  the 
same  size  they  must  necessarily  be  compressed  into  a regular 
dodecahedron,  as  a sphere  can  only  be  in  contact  with  twelve 
others  at  a time.  Such  cells  are  frequently  met  with,  though 
not  perfectly  regular  in  form. 

They  also  assume  different  forms  according  to  the  manner 
in  which  they  are  nourished,  and  in  consequence  of  their  be- 
ing elongated.  We  are  unacquainted  with  the  causes  of  this 
dilference  of  nutrition  or  of  this  elongation,  but  we  see  the 
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final  results  of  these  causes.  Sometimes  the  increase  in  size 
takes  place  in  two  opposite  directions,  so  that  they  become 
elliptical,  and  hence,  by  the  compression  of  the  adjoining 
cells,  first  elongated,  and  subsequently  prismatic  cells  are 
formed.  The  cells  of  this  description,  when  properly  formed, 
are  called  elongated  cells. 

It  is  due  simply  to  these  two  causes, — equal  or  unequal 
nutrition,  and  elongation  of  the  cellular  membrane,  with  or 
without  pressure — that  the  cells  in  plants  are  very  variable, 
not  only  as  regards  their  own  form,  but  also  as  regards  the 
nature  of  the  cell-wall,  the  forms  of  the  parts  which  are  built 
up  from  them,  and  even  that  of  the  entire  plant  itself.  The 
similarity  in  external  form  exhibited  by  the  same  species 
shows,  that  a very  great  stability  exists  in  the  form  of  the 
cells  of  the  same  species ; a fact,  which  science  is  still  quite 
unable  to  explain.  The  membrane  of  young  cells  is  homo- 
geneous, at  least  no  structure  can  be  discovered  in  it  When 
it  becomes  older,  however,  it  has  almost  always  a very  diffe- 
rent appearance. 

It  is  obvious  that  we  must  not  take  this  homogeneity  in 
the  most  limited  chemical  sense  We  mean  by  it  only  that, 
so  far  as  we  can  discover  by  the  microscope,  no  difference  can 
be  perceived.  There  can  be  no  doubt  that,  in  a cliemical 
sense,  no  cellular  membrane  is  to  be  regarded  as  identical 
with  another,  unless  it  has  completely  the  same  form,  and 
gives  passage  through  its  pores  to  exactly  the  same  sub- 
stancea 

In  young  cells,  the  cell-walls  are  not  to  be  considered  as 
the  most  active  parts  of  the  plant,  neither  do  these  walls  ex- 
ercise by  their  material  diversity  so  great  an  influence  upon 
the  fluids  which  pass  through  them,  as  to  make  them  undergo 
a chemical  change 

In  general,  too  much  importance  has  been  attached  to  the 
presence  of  nitrogenous  constituents  in  the  vaU  of  the  young 
cells,  consisting  of  cellulose.  It  appears  from  observations, 
which  will  be  recorded  afterwards,  that  frequently  in  young 
edl-ttalU  not  a trace  of  nitrogenous  substances  is  to  be  found 
by  which*  activity  can  be  excited,  but  that  they  do  occur  in 
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the  contmU  of  young  cells.  In  older  ceU-walU  precisely  the 
reverse  is  the  case.* 

This  proves  that  the  action  cannot  proceed  from  the  traA# 
of  the  young  cells,  and  that  the  nitrogenous  substances  exist- 
ing in  the  content*  of  young,  and  in  the  tcaU*  of  old  cells, — 
though  both  may  be  protein  compoimds, — cannot  possibly 
be  the  sama  Those  in  the  tcalU  of  older  cells  seem  to  have 
passed  into  a state  of  greater  fixedness;  probably  they  have 
been  changed  into  coagulated  albumen,  whilst  those  of  the 
content*  of  younger  cells,  being  in  a soluble  form,  are  to  be 
considered  as  the  main  source  of  the  change  of  nmterials 
which  takes  place  in  planta'f' 

The  production  of  new  substances,  therefore,  is  performed 
within  the  membranaceous  vesicles  themselves ; the  cells 
themselves  serve  chiefly  to  separate  and  preserve  the  con- 
tained fluida  Into  these  innumerable  little  vesicles,  filled 
when  young  with  fluids  of  diflerent  kinds,  in  one  place  a 
new  substance  is  introduced,  or  in  another  such  a substance 
is  secreted,  and  these  are  either  deposited  against  the  cell- 
wall,  or  remain  as  a part  of  the  contents  of  the  cell  We  may, 
therefore,  regard  these  innumerable  little  cavities,  which  arc 
partly  isolated,  partly  in  mutual  communication,  as  so  many 
little  pieces  of  chemical  apparatus  in  which  chemical  opera- 
tions are  performed. 

If,  however,  we  considered  the  young  cells  as  entirely  pas- 
sive, we  should  judge  as  erroneously,  as  if  we  were  to  consider 
them  the  first  and  last  sources  of  vital  action.  They  consist 
of  active  particles,  although  these  particles  are  not  the  primary 
sources  of  action.  That  they  are  active,  we  learn,  first,  from 
their  active  manner  of  development,  and  secondly,  from  the 
transformations  and  incrustations  upon  their  walls.  These 
transformations  do  certainly  proceed  from  substances  which 

* The  word  ctU  icall  U used  here  in  > general  sense,  and  the  primordial 
(sMue  (schlanch)  distinguished  b;  Mohl,  is  at  present  not  indnded  in  the  phraMi 
The  latter  ii  a granular  internal  covering  of  the  cell-wall — oellnloae — which  ia 
contracted  b;  the  action  of  aloohol,  and  ocean  very  bequently  in  old  sad 
young  ceils. 

■f  It  is  obvious  that  Payen  has  confounded  the  protein  of  the  contenta  with 
that  of  the  wait.  (See  p.  207.) 
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are  present  in  the  contents  of  the  cells,  yet  they  are  subse- 
quently performed  also  by  the  membrane,  and  consequently 
this  membrane  cannot  be  merely  passive,  but  must  react 
upon  the  contents. 

While  engaged  in  the  observations  which  I have  made  in 
concert  with  Halting,  1 very  often  observed  in  this  thin  cell- 
wall  an  immense  number  of  minute  pores,  which  will  be 
treated  of  afterwarda  An  account  of  these  observations  is 
given  below.* 

As  the  cells  continue  to  increase  in  size,  they  cannot  after- 
wards be  nourished  in  the  same  manner  as  when  they  were 
of  smaller  dimensions,  when  the  substances  by  which  they  are 
nourished  were  uniformly  distributed  over  them.  When  the 
size  has  exceeded  certain  limits,  the  substance  supplied  by  the 
cell-wall  is  distributed  in  a spiral  form  over  the  interior  part  of 
the  cellular  membrane.  Of  the  cause,  however,  which  induces  the 
substance,  deposited  upon  the  membrane,  to  assume  this  form, 
we  are  as  ignorant  as  of  that  which  makes  alum  assume  the 
form  of  an  octohedron.  These  are  things  which  are  inexplic- 
able at  present  by  science ; they  are  simply  recognised  as  facts. 

These  spiral  threads  deposited  in  or  on  the  walb  of  the 
ceUs  are  sometimes  composed  of  a few  convolutions  only.  If 
such  a small  set  of  convolutions  b altered  in  growing,  a ring 

• The  aperiuru  which  arc  rendered  visible  in  the  cell-wall,  consUting  of  cel- 
Inloee,  by  the  reaction  of  iodine  and  sulphuric  acid,  have  been  most  distinctly 
obaerved  in  the  following  plants.  In  the  thin-walled  medullary  cells  of  Hoya 
camosa ; in  the  parenchymatic  cells  of  Euphorbia  caput-meduas — in  one  cell, 
having  a transverse  diameter  of 0.03777  millemetrcs,  we  counted  45  of  these  little 
boles, — in  the  pith  of  Asclepias  syriaca  they  are  large  and  oblong,  and  also  in  the 
very  young  cells  of  the  wood,  which  still  becomes  bine  by  iodine  and  sulphuric 
add  in  the  parenchyma  of  Tradiscantia  virginica ; in  the  young  parenchy- 
matic  cells  of  Cieos  revoluta ; in  the  young  ligneous  cells  of  Clematis  vitalba; 
in  the  annulated  cells  of  Opuntia  microdasis.  In  Tradiscantia  they  had  the 
size  of  0.0005  to  0.0018  mm.';  in  very  young  leaves  of  Scmpervi\-um  arbores- 
cens,  long  before  their  period  of  development  commenced,  they  had  a size  of 
from  0.0007  to  0.0014  mm.  We  also  observed  them  in  old  and  young  medul- 
lary cells  of  Clematis  vitalba.  In  an  old  leaf  of  Sempervivum  they  were  the 
same  size  as  in  a very  young  one. 

It  follows  from  what  is  mentioned  here,  that  what  is  stated  concerning  these 
pores  being  invisible  (at  p.  188  and  198)  is  now  disproved  as  far  as  concerns  the 
cells  in  which  we  observed  them. 
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is  produced  in  the  cell- wall  {eeUuloe  annuUfera,  annular  cella), 
or  several  spiral  threads  are  developed  on  the  cell-wall,  and 
unite  with  it  in  growing,  forming  an  external  net-work  {edlvla 
retiferw,  reticular  cells).  Sometimes  the  spirals  which  are 
spread  out  on  the  cell-wall  take  different  directions  at  certain 
places,  and  if  the  cell  now  ceases  to  expand,  the  spiral  disap- 
pears in  growing,  the  deviating  parts  of  it  excepted  {ceUnke 
porosas,  porous  cells).*  We  shall  presently  consider  more  in 
detail  the  substance  of  which  this  spiral  consists 

The  cellular  membranes  of  young  or  herbaceous  plants  are 
transparent,  and  in  general  colourless;  but  in  some  plants — ^for 
instance,  in  several  mosses — they  are  saturated  with  a co- 
louring matter. 

In  most  cases,  however,  this  colour  of  the  cellular  mem- 
brane is  owing  to  the  contents  of  the  cell,  which  either  pene- 
trate the  cell-wall,  or  simply  show  their  colour  through  the 
thin  membrane.  A great  many  tissues,  however,  have  their 
cell-walls  incrusted,  other  substances  being  deposited  either 
upon  or  within  the  walls,  and  so  filling  and  expanding  them. 
This  matter  by  which  the  cell-walls  are  incrusted,  may  be 
very  variable  in  its  nature. 

In  many  cells,  of  which  the  walls  are  incrusted,  we  observe 
several  layers  deposited  one  upon  the  other,  which,  with  pro- 
per caution,  may  be  separated  from  each  other. 

Some  of  these  incrusted  cell-walls,  when  boiled  in  water, 
become  thinner,  and  are  finally  dissolved.  Such  are  found  in 
various  lichens — in  the  Cetraria  islandica,  for  instance — where 
the  cell-walls  are  thickened  by  the  amylaceous  substance  (Li- 
chen starch)  deposited  within  the  membrane,  without  even  a 
trace  of  true  stsu'ch  being  present  The  formula  for  this  sub- 
stance is  C12  Hio  O’®  (p.  217).  This  lichen  starch,  therefore, 
must  be  classed  with  the  incrusting  matters,  >tz.,  those  of  which 
the  secondary  cell-walls  are  formed ; the  primary  cell-wall  in 
the  Lichen  islandicus  consisting  of  cellulose  (p.  199).^-  The  cell- 

* Sehloiden,  Wiu.  Bot  I.  p.  200. 

4 From  berg  (p.  190)  found  leas  hydrogen  in  the  tii»ue  oflieheni  vhen  bol 
imperfectly  treated  with  alkali,  than  ia  found  by  HeldU  (Annalen  darChemia 
and  Pharmacie,  Bd.  88,  S.  1. 
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walls  in  other  plants,  such  as  apples,  become  swollen  and  gela- 
tinous by  boiling,  and  then  contain  pectose ; in  others,  such  as 
8phserococcus  crispus,  mucilage  is  present,  of  which  the  for- 
mula is  C2*  Qi®  (p.  239).  Others,  again,  when  acted  upon 
by  potash,  grow  thinner,  and  part  with  their  ligneous  matter, 
which,  by  the  protracted  action  of  the  alkali,  is  changed  into 
ulmic  acid,  the  greater  part  of  the  cellulose  being  left  behind. 
This  is  the  case  with  all  ligneous  tissues  (p.  198). 

That  part  of  the  cellular  membrane  which  is  pure  cellulose, 
is  insoluble  in  water  and  almost  insoluble  in  alkalies  ; it  is 
decomposed  by  strong  sulphuric  acid,  and  if  boiled  with 
diluted  sulphuric  acid,  is  converted  into  dextrin. 


n.  The  Primary  CeU-walU. 

A great  number  of  physiologists  have  made  observations 
upon  the  cell-walls  of  plauta  Kiitzing*  examined  the  Algse, 
and  found  a single  cell  often  to  consist  of  several  cells  inclosed 
within  one  another ; the  wall  of  the  common  cell,  therefore, 
having  a number  of  layers  equal  to  that  of  the  whole  of  the 
inclosed  cella  Hartig  thinksi*  that  the  cell-wall  is  triple,  con- 
sisting of  three  membranes  deposited  upon  each  other.  The 
innermost  is  first  developed,  and  the  whole  is  surrounded  by 
the  outermost,  except  at  those  places  where  the  cells  touch 
each  other.  At  the  point  of  junction  there  is  a membrane 
much  thicker  than  either  of  the  two  others,  which  complete- 
ly line  the  interior.  He  states  that  when  a cell  is  first 
moistened  with  tincture  of  iodine,  and  then  with  sulphuric 
acid,  the  inner  and  outer  walls  are  coloured  yellow,  and 
the  intermediate  one  blue,  the  latter  expanding  very  much, 
and  even  dissolving  entirely,  if  strong  acid  be  used.  These 
observations  of  Hartig’s  have  not  been  confirmed  by  ours. 
Cells  with  thin  walls  have  only  two  layers,  and  those  with 
thick  walls,  one,  two,  three,  or  four. 

This  subject  has  recently  been  more  fully  investigated  by 

* PbytioIogiA  Oeneralis. 

t Beitrig*  xar  Entwickelongs  Oetchiehte  d«r  Pflanzcn.  Berlin,  1843. 
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MohL*  In  annual  sboota  of  trees,  or  in  stems  of  annual 
plants,  he  always  found  tn'Min  the  cell  a separate  wall  or  an 
interior  membrane,  which  could  be  very  well  distinguished 
from  the  other  part  of  the  cell  It  is  a completely  closed 
and  thin-wallcd  vesicle,  and  becomes  very  distinct  when  the 
part  has  been  long  preserved  in  alcohol,  as  it  is  then  con- 
tracted, and  is  more  or  less  loosened  from  the  remainder  of 
the  cell-wall  By  iodine  it  is  coloured  yellow  or  brown,  and 
was  generally  present  both  in  the  mono-  and  di-cotyledenous 
plants  which  were  examined  by  Mohl  It  is  also,  and  very 
rapidly,  rendered  visible  by  being  acted  upon  for  some  minutes 
either  by  nitric  or  hydrochloric  acid,  subsequently  saturated 
by  ammonia,  and  coloured  by  iodine. 

Mohl  states  that  the  nucleus,  if  still  present,  lies  within 
this  interior  membrane.  The  surface  of  the  membrane  is  not 
entirely  smooth,  but  slightly  granular.  By  the  action  first  of 
iodine,  and  then  of  sulphuric  acid,  he  states  that  it  turns 
yellow,  the  remaining  cell-wall  becoming  blua  By  dilute 
sulphuric  acid  the  first  or  interior  membrane  is  neither 
changed  in  form  nor  dissolved.  This  membrane  has  been 
called  by  Mohl  the  primordial-tistue,  and  differs  from  what 
Hartig  calls  the  interior  membrane,  or  ptychod«.  Hartig  means 
by  this,  the  interior  wall  of  the  fttU-proum  cell,  and  thinks 
that  Mohl’s  primordial-schlauch  has  disappeared  long  before 
this  period.  It  is  Mohl’s  opinion  that  this  schlauch  or 
as  the  cell  grows  older,  and  as  in  consequence  of  this  its  wall 
b gradually  incrusted  with  secondary  layers,  grows  constantly 
thinner,  and  is  slowly  dissolved ; being  first  either  fixed  to 
the  cell-wall  in  the  shape  of  a very  thin  granular  tegument, 
or  covering  this  wall  as  a net  and  no  longer  as  a continuous 
membrane,  and  that  it  is  finally  completely  dissolved  and 
disappeara  During  the  observations  made  by  Karting  and 
myself,  we  found,  on  the  contrary,  that  though  not  always 
wanting  in  thin-walled  cells,  yet  it  was  never  present  in 
young,  and  fi^uently  not  in  old  woody  oella  Mohl  thinks 
that  in  the  latter  ceUs  the  primordial-tissue  begins  to  dis- 

* Bot.  Zvitang,  April  12, 1844. 
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Appear  when  the  first  traces  of  secondary  layers  are  depo> 
sited. 

It  follows,  from  the  experiments  of  Mohl,  that  this  in- 
ternal cell-membrane  may  exercise  some  influence  upon  the 
composition  of  cellulose,  as  found  by  analysis  The  reaction 
of  iodine  and  sulphuric  acid  clearly  proves  that  the  substance 
of  this  membrane  is  different  from  the  exterior  cell-wall ; 
we  cannot,  however,  as  yet  determine  its  precise  composition. 

Mohl  further  thinks  that  this  internal  membrane  is  pre- 
sent in  every  young  cell,  it  being  consequently  produced 
along  with  the  cell  itself.  It  app&u^  to  him  that  it  is  pro- 
duced by  the  nucleus  (see  p.  859),  and  that  in  its  turn  it  ori- 
ginates the  cellular  membrane,  properly  so  called,  viz.,  that 
which  is  permanent  and  consists  of  cellulose  He  does  not, 
however,  mention  any  direct  observations  on  this  subject 

Payen*  often  speaks  of  an  internal  membrane  of  the  cell, 
which,  when  treated  with  iodine  and  sulphuric  acid,  does  not 
tom  blue  or  violet  like  cellulose,  but  yellow ; and  the  latter 
colour  he  ascribes  to  the  presence  of  a nitrogenous  body. 
In  fig.  10,  pL  1,  he  represents  the  section  of  a cotyledon  of 
lint-seed,  and  in  fig.  1,  he  gives  that  of  the  cells  of  .^schy- 
nomene  paludosa,  in  which  this  membrane  is  reticular.  It 
seems  to  be  identical  with  Mohl’s  primordial-tissua  It  is 
seen  very  distinctly  in  Aloe  lingua,  fig.  8,  in  the  medullary 
cells  of  Tilia  parvifolia,  fig.  28,  further  in  fig.  11,  16,  18,  and 
several  others  represented  below  in  the  ol^rvations  made  by 
Halting  and  myself. 

In  the  pmmanent  cell-wall,  according  to  Mohl,  two  parts 
are  to  be  distinguished,  the  outermost  of  which  he  calls  the 
oldest-f*  He  thinks  that  many  cellular  membranes,  though 
homogeneous  in  appearance,  are  not  so,  but  exhibit  distinctly 
several  layers,  when  moistened  either  with  sulphuric,  nitric,  or 
hydrochloric  acid.  He  recommends  that  if  the  cells  are  soft, 
one  of  the  two  latter  acids  should  be  used ; if  they  are  more 
solid,  the  former.  The  blue  colour  produced  in  them  by 

* Hemoirea  xur  les  Developp.  des  Vegetsux,  p.  211. 

•y  Bot.  Zeitang,  April  26.  ISII. 
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iodine  and  sulphuric  acid,  is,  according  to  him,  the  effect 
of  the  action  of  the  acid  upon  the  substance  of  the  cell-wall, 
and  not  that  of  the  iodine,  as  Hartig  thinks. 

When  secondary  layers  are  present,  Mohl  thinks  that  the 
exterior  cell-wall  on  which  these  are  deposited  must  be  the 
oldest,  and  that  this,  therefore,  is  also  a sufficient  contradic- 
tion to  Hartig’s  observations.  He  finds  an  additional  proof 
of  these  layers  being  really  of  secondary  origin,  in  the  fact, 
that  in  some  plants  they  do  not  cover  the  whole  cell-wall,  be- 
ing found  in  seme  parts  of  it  only,  as  is  the  case  in  the  Scotia 
Consequently  they  must  have  been  produced  by  certain  more 
active  spots  of  the  cell-wall ; spots,  where  we  may  imagine 
an  apposition,  similar  to  that  which  takes  place  in  crystal- 
lisation, where  homogeneous  particles  join  together  in  a de- 
terminate direction. 

As  to  the  nature  of  the  substance  of  which  the  internal 
utricle*  consists,  we  find  that  in  the  ceils  of  the  pith,  and  of 
the  epidermis  of  the  young  stem  of  Phytolacca  decandra,  it 
is  coloured  yellow  by  nitric  acid,  after  having  been  first 
separated  from  the  interior  of  the  cell  and  contracted  into  a 
much  smaller  diameter.  Along  with  these  internal  utricles 
the  nuclei  appear  very  distinctly ; some  cells  containing  two, 
rarely  three,  while  those  which  increase  in  number  by  meant 
of  partition-walls,  have  no  nuclei  (P.  368.) 

This  internal  utricle,  therefore,  is  not  only,  like  the  nuclei 
insoluble  in  nitric  acid,  but  it  is  contracted  by  this  and  by  other 
acids,  and  also  by  alcohol  It  is  rendered  very  distinct  by  the 
action  both  of  sulphuric  and  hydrochloric  acids,  but  best  of  all 
by  that  of  nitric  acid  and  alcohol  The  yellow  colour  it  assumes 
by  the  action  of  nitric  acid,  especially  if  ammonia  is  aAerwards 
added, — whilst  the  nuclei  remain  colourless, — shows  that  it 
contains  protein  as  a direct  constituent,  though  this  is  not  al- 
ways certainly  the  case.  (See  Aloe  lingua,  fig.  8.)  The  change 
of  colour  effected  by  nitric  acid  in  Phytolacca,  however, 
proves  to  be  not  of  such  a nature  as  to  justify  us  in  con- 
sidering protein  as  its  chief  constituent  Not  a trace  of  cel- 

* We  consider  this  the  licel  name  for  it,  wishing  to  abstain  from  an;r  decisxa 
about  its  origin. 


Digitized  by  Google 


TEOETABIB  AND  ANIMAL  PHT8I0L0GT. 


409 


Inlose  is  found  here,  since  by  the  action  of  iodine  and  sul- 
phuric acid,  no  blue  colour,  the  characteristic  of  cellulose,  is 
produced. 

We  have,  therefore,  been  able  fully  to  confirm  Mohl’s  obser- 
vation of  the  presence  of  an  internal  utricle — of  a membrane, 
which,  through  the  action  of  the  reagent  mentioned  above, 
quits  the  interior  of  the  cell-wall,  and  is  contracted,  drawing 
the  whole  contents  of  the  cell  along  with  it  We  have, 
however,  been  unable  to  determine — except  in  Phytolacca 
and  a young  Agave,  where,  we  believe,  we  found  the  nucleus 
ritiin  the  internal  utricle — where  the  nucleus  is  to  be  foimd, 
whether  in  this  internal  utricle,  or  in  the  other  part  of  the 
cell-wall.  We  have  often  observed  it  entire  in  very  old  cells, 
as  we  shall  afterwards  mention ; and  this  has  induced  us 
not  to  call  this  utricle  primordial.  We  found  it  both  in  thick 
and  in  thin-walled  cells,  in  those  with  and  without  incrusta- 
tion ; and  hence  we  doubt  if  the  explanation  given  by  Mohl 
with  regard  to  that  interior  layer,  be  the  right  one  In  some 
cases  it  contains  nitrogenous  substances,  in  others  not  even  a 
perceptible  trace  We  are,  therefore,  as  yet  uncertain  both 
as  to  its  function  and  as  to  the  nature  of  its  substance. 
(Harting  and  Mulder.) 

I,  CeU^ieaUa  conntling  of  CeUtdote. 

Schleiden  has  (Poggend.  Annalen,  Bd.  42)  recorded  a pro- 
perty of  young  cellular  membranes,  which  has  lately  been  sub- 
jected by  Liebig  to  a closer  examination.  (Ann.  der  Chemie 
und  Pharmacie,  Juni,  1842.)  It  is  as  follows : — When  the 
membranes  of  young  cells,  after  being  soaked  with  tincture 
of  iodine,  are  exposed  for  half  a minute  to  the  action  of  a mix- 
ture of  3 parts  of  sulphuric  acid,  and  1 part  of  water,  a blue 
substance  is  produced,  very  similar  to  iodine  starch,  thus  lead- 
ing to  the  natural  conclusion  that  the  membrane  has  been 
converted  into  starch  by  the  action  of  sulphuric  acid. 

This  fact,  that  the  membranes  of  young  cells,  when  treated 
with  sulphuric  acid,  acquire  the  property  of  being  coloured 
blue  by  iodine,  deserves  our  attention  for  several  reasona 
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First,  it  affords  an  excellent  means,  in  microscopical  inresti- 
gations  of  the  organs  of  plants,  of  discovering  differences  which 
would  otherwise  entirely  escape  our  observation.  But  it  is 
especially  in  a chemical  point  of  view  that  Schleiden’s  dis- 
covery must  be  noticed. 

Chemists  are  not  agreed  as  to  the  manner  in  which  starch 
and  iodine  unite.  Their  combinations  do  not  appear  ordi- 
narily to  consist  of  equivalent  proportions  (p.  212).  It  is, 
however,  not  likely  that  the  colouring  of  starch  by  iodine 
ought  to  be  regarded  as  identical  with  the  colouring  of  cotton 
or  linen  by  madder,  because  there  are  a great  many  organic 
substances  which  take  up  iodine  and  are  coloured  brown 
by  it,  but  none  of  them  produces  the  colour  which  is  peculiar 
to  iodine  starch.  The  colour  of  iodine,  when  in  a state  of 
division,  is  also  very  different  from  the  dark  blue  colour  of 
its  compounll  with  starch,  if  properly  prepared.  We  must 
also  bear  in  mind,  that  both  a dry  globule  of  starch  and  a 
very  dilute  solution  of  it,  if  mixed  with  iodine,  are  equally 
coloured  blue 

I know  only  of  two  substances  which  are  thus  coloured 
iodine,*  viz.,  starch,  and  the  young  vegetable  tissue,  when 
acted  upon  by  sulphuric  acid.  It  is  known  that  the  Lichen 
islandicus  contains  starch,f  and  the  jelly  prepared  from  it 
may  be  said  to  be  related  to  true  starch,  for  when  mixed  with 
water  and  treated  with  iodine,  the  one  part  becomes  blue  and 
another  brown. 

The  experiment  recorded  by  Liebig  (p.  308,)  deserves  par- 
ticular consideration. 

Ordinary  sulphuric  acid  was  poured  upon  cotton-wool,  par 
per,  and  other  substances,  consisting  of  cellulose, — no  wood 
was  used,  as  will  afterwards  appear, — and  the  mixture  was 
rapidly  stirred.  A transparent  jelly  was  formed,  to  which 
water  was  added.  A fine,  white,  floccy  precipitate  then  sepa- 
rated, the  liquid  was  filtered,  and  the  residue  was  washed 
with  water  till  all  the  acid  had  disappeared. 

* I am  dcddcUlj'  of  opiniou  that  the  tiuuea  mcDtiosed  at  p.  207,  bdoafto 
the  amj'laceoui  tiMuoa. 
f Iturctio,  1888,  p.  42. 
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Cotton  vool  was  moistened  with  a weak  tincture  of  iodine,  , 
uid  dried,  and  then  treated  with  sulphuric  acid  in  the  same 
way.  It  became  of  a dark  violet  colour,  the  moment  that  the 
add  was  added.  When  the  gelatinous  mass  was  mixed  with 
water,  a dark  blue  precipitate  was  formed.  On  filtering  this, 
a brown  transparent  liquid  ran  through  the  filter.  During 
the  washing  of  what  remained  on  the  filter,  this  became  gra- 
dually lighter  in  colour,  and  finally,  it  lost  all  its  colour  and 
all  its  iodine. 

The  substance  which,  in  the  first  experiment,  remained  be- 
hind when  cotton  was  treated  with  sulphuric  acid  and  the 
product  washed  with  water,  did  not  turn  blue  when  acted  on 
by  tbcture  of  iodine  alone.  It  could  not,  therefore,  be  starch. 

But  if  sulphuric  acid  was  added,  and  then  tincture  of  iodine, 
it  again  became  blue.  The  same  took  place  when  it  was  first 
moistened  with  tincture  of  iodine,  dried,  and  sulphuric  acid 
then  added.  On  the  addition  of  water  a blue  precipitate  was 
again  produced  in  the  liquid,  and  the  substance  on  the  filter 
became  again  colourless  by  washing.  When  put  into  ordinary 
sulphuric  acid,  it  was  again  rendered  gelatinous,  as  when  it 
was  produced  the  first  time,  but  when  treated  with  stronger 
sulphuric  acid,  it  became  soluble  in  water,  and  at  the  same 
time  lost  the  property  of  being  coloured  blue  by  iodine. 

With  the  view  of  ascertaining  if  this  blue  compound  was 
only  a mixture  of  very  finely  divided  iodine  with  some  gela- 
tinous body,  tincture  of  iodine  in  excess  was  added  to  ace- 
tate of  alumina,  and  then  a little  carbonate  of  ammonia,  so 
as  to  produce  a precipitate, — the  iodine  remaining  in  excess. 
The  precipitate,  however,  was  not  blue. 

Tincture  of  iodine  was  also  added  to  a solution  of  silicate 
of  soda,  and  then  a little  hydrochloric  acid,  but  the  gelati- 
nous precipitate  of  silicic  acid  was  not  coloured  blue. 

Considering  these  experiments  in  connection  with  what 
we  remarked  above,  we  are  justified  in  concluding  that  the 
blue  colour  of  iodine  starch  is  not  owing  to  a fine  division  of 
the  iodine.  The  same  conclusion  is  also  come  to  by  placing 
under  the  microscope  a globule  of  starch,  and  letting  it 
imbibe  tincture  of  iodine, — at  the  same  time  recollecting 
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that  other  porous  substances  which  may  be  procured  in  num- 
bers from  both  the  organic  kingdoms,  become  brown  under 
the  action  of  iodine. 

I cannot,  therefore,  coincide  in  the  opinion  expressed  on 
this  subject  by  Liebig  in  Geiger’s  Handbuch  der  Pharmacie  ; 
S.  1255.  I think,  on  the  contrary,  that  the  cause  which  makes 
young  cellular  membranes  turn  blue  by  iodine,  after  being 
acted  upon  by  sulphuric  acid,  is  similar  to  that  which  pro- 
duces the  same  colour  in  starch  by  means  of  iodine. 

Now,  the  question  is,  whether  the  substance  of  the  young 
membrane  has  been  converted  by  sulphuric  acid  into  starch  ? 
It  is,  as  yet,  impossible  to  give  a positive  answer  in  the  affir- 
mative ; for  after  the  acid  is  waslied  out,  the  substance  ceases 
to  produce  this  reaction,  which,  however,  is  exhibited  by  starch 
both  in  a granular  and  in  a gelatinous  state.  When  thoroughly 
washed  with  water,  therefore,  the  substance  is  no  longer  starch. 
But  is  it  starch  as  long  as  it  is  combined  with  sulphuric  acid? 
I am  disposed  to  answer  this  question  in  the  affirmative  on 
the  following  grounda  We  ought  first  to  bear  in  mind,  that 
tincture  of  iodine  alone  is  not  sufficient  to  give  a blue  colour 
to  young  cellular  membranes ; that  this  colour  is  not  produced 
on  a subsequent  addition  of  water ; that  it  is  not  produced  by 
the  action  of  dilute  sulphuric  acid ; that  it  tqipears  only  by 
the  action  of  stronger  acid  (the  bi-hydrate) ; and  that  if  it  be 
at  all  produced  by  still  stronger  acid,  (the  mono-hydrate,)  it 
quickly  disappears  again,  the  cellulose  being  converted  into 
dextrin.  And  if,  finally,  we  take  into  consideration  that 
starch  is  also  converted  into  dextrin  by  sulphuric  acid,  then 
we  think  there  are  reasons  which  render  it  at  least  probable, 
that  the  membranes  are  really  converted  into  starch  at  the 
moment  that  they  become  blue  by  the  action  of  iodine  and 
sulphuric  acid.  In  other  words,  that  the  organic  substance  is 
really  starch  during  its  combination  with  sulphuric  acid ; — 
that  the  molecules  of  cellulose,  whilst  under  the  influence  of 
sulphuric  acid,  do  actually  give  oflf  to  the  acid  the  half  equi- 
valent of  water,  by  which  their  composition  difi’ers  from  that 
of  starch  (C^*  0^1  = 2C^*  H*®  0*®  + H 0),  in  consequence 

of  which  the  acid  combines  with  more  water ; — that,  however, 
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when  an  excess  of  water  is  added,  and  the  cellulose  is  thus 
made  to  leave  the  acid,  it  takes  back  this  half  equivalent  of 
water,  to  become  reconverted  either  into  cellulose  or  into  a 
substance  similar  to  it  in  composition. 

Additional  support  is  given  to  this  view  by  the  considera- 
tion that  neither  nitric  nor  hydrochloric  acid  have  such  effects 
upon  cellular  membranes  coloured  by  iodine,  whilst  a com- 
pletely saturated  solution  of  phosphoric  acid  in  water — of  the 
consistency  of  syrup — acts  in  the  same  manner  as  the  bi-hy- 
drate of  sulphuric  acid. 

We  have  endeavoured,  by  the  following  experiments,  to 
ascertain  more  certainly  the  truth  of  this  view ; but  they  yield 
no  positive  results.  We  took  a little  cotton,  which  was  left 
in  ordinary  sulphuric  acid  (the  bi-hydrate),  till  it  had  become 
gelatinous — a proof  of  its  having  undergone  the  change  before 
referred  to, — and  put  it  into  absolute  alcohol,  by  which  it 
was  washed  free  from  sulphuric  acid,  without  the  access  of 
watery  vapours  from  the  air.  A little  potato-starch  was  also 
converted  into  a jelly  by  sulphuric  acid,  and  washed  with 
absolute  alcohol  The  starch  thus  prepared  was  coloured 
blue  by  tincture  of  iodine,  but  the  cotton  was  not. 

Under  these  circumstances,  however,  it  was  possible  that  the 
substances  might  have  again  taken  back  the  water,  of  which 
they  had  been  deprived  by  the  sulphuric  acid,  notwithstanding 
that  the  alcohol  was  completely  anhydrous  ; for  the  acid  con- 
tained two  equivalents  of  water,  and  hence  the  substances  had 
ample  opportunity  of  resuming  the  water  which  they  had  lost. 

We  obtained  the  same  result,  however,  by  converting  cotton 
into  a jelly  by  means  of  sulphuric  acid,  and  neutralizing  the 
acid  with  powdered  caustic  lima  On  now  neutralizing  the  lime 
with  an  acid,  and  then  adding  tincture  of  iodine,  we  found 
that  neither  the  water  with  which  the  substance  had  been 
washed,  nor  the  insoluble  part,  was  coloured  blue.  We  did 
not,  therefore,  succeed  in  bringing  the  cotton,  after  the  re- 
moval of  the  acid,  Into  a state  in  which  it  could  be  coloured 
blue  by  iodine  ; and  if  it  is  really  starch  whilst  in  contact 
with  sulphuric  acid,  this  is,  in  some  way  or  other,  owing  to 
a temporary  transformation,  by  the  acid,  of  the  molecules  of 
cellulose  into  starch. 
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The  unchanged  cotton  (I.),  and  the  colourless  powdery  pro- 
duct obtained  from  it  by  means  of  iodine  and  sulphuric  acid, 
after  being  washed  with  water  and  digested  with  alcohol, 
(II.),  had  respectively  the  following  composition : — 

I.  Cotton  treated  with  alcohol, — 

C 44.91 

H 6.40 

0 48.69 

II.  Cotton  treated  with  iodine  and  sulphuric  acid, — 

C 44.30  44.46 

H 6.20  6.19 

0 49.50  49.34* 

Their  composition,  therefore,  is  perfectly  identical,  and 
their  properties  being  also  the  same,  we  are  entitled  to  con- 
clude, that  after  the  action  of  sulphuric  acid,  the  cellulose  is 
reproduced  by  the  addition  of  water. 

If  either  the  strength  of  the  acid  or  the  length  of  its  action 
upon  parts  of  plants,  consisting  of  pure  cellulose,  be  increased, 
dextrin  is  produced.  This  property  adds  to  the  prolwibility 
that  cellulose  is  temporarily  converted  into  starch,  as  long  as 
it  is  under  the  influence  either  of  sulphuric  or  of  phosphoric 
acid.  Both  the  cellulose  and  the  starch  in  plants  are  produc- 
ed from  dextrin  (p.  201) ; and,  therefore,  as  strung  sulphuric 
acid  can  convert  both  starch  and  cellulose  into  dextrin,  the 
idea  that  weaker  sulphuric  acid  can  convert  cellulose  into 
starch,  is  by  no  means  paradoxical. 

There  is  no  reason  whatever  to  ascribe  the  blue  colour  pro- 
duced by  iotline  to  its  state  of  fine  division ; but  the  production 
of  this  colour  is  such  a positive  and  decisive  proof  of  the  pre- 
sence of  cellulose,  that  we  do  not  know  of  any  more  conclusive 
chemical  reaction.  Hence  iodine  and  sulphuric  acid  afford, 
in  vegetable  organography  and  organogeny,  excellent  means 
for  investigation,  of  which  the  value  cannot  be  too  highly  esti- 
mated. To  be  satisfied  of  thi.s,  we  need  only  glance  at  fig.  1.  B. 

* The  full  particuUrs  of  thcfc,  and  all  the  other  analyec*  recorded  in  tkla 
ehapicr,  are  gh-cn  in  Scheik.  Ondcrznckingen,  Dcol  III. 
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representing  a transverse  section  of  an  internode  of  Hoya 
Camosa,  in  the  state  in  which  all  its  parts  appear  under  the 
imfiuence  of  the  tame  reagente,  iodine  and  sulphuric  acid. 

When  tissues,  consisting  of  cellulose, — such  as  the  unin- 
crusted  organs  of  plants,  the  parenchymatic  cells,  &a — are 
first  soaked  in  tincture  of  iodine,  dried,  and  then  moistened 
with  ordinary  sulphuric  acid,  they  always  assume  a fine  blue 
colour.  After  a little  while,  however,  the  tissue  is  again 
decolorised,  and  this  is  especially  the  case  when  the  acid 
begins  to  dissolve  it  and  to  convert  it  into  dextrin.  Hence 
when  a stronger  sulphuric  acid — the  mono-hydrate — is  used, 
the  blue  colour  appears  either  only  for  a moment,  or  even  not 
at  alL  This  again  shows  that  the  blue  colour  cannot  be  pro- 
duced by  a mere  precipitation  of  iodine,  but  must  be  owing 
to  a real  combination  of  iodine  with  a new  substance,  which 
is  formed  under  the  influence  of  sulphuric  acid. 

This  change  of  colour  does  not  take  place  with  every  kind 
of  vegetable  tissue,  as  will  sufficiently  appear  from  experi- 
ments mentioned  below.  We  ought,  however,  here  to  re- 
mark, that  we  invariably  used  a weak  tincture  of  iodine, 
with  which  we  moistened  the  substance  once  or  twice,  so  as 
to  soak  it  thoroughly  with  iodine,  and  then  allowed  it  to  dry 
in  the  air,  and  after  that  we  wetted  it  with  a few  drops  of 
the  bi-hydrate  of  sulphuric  acid.  Wherever  the  mono-hy- 
drate was  used,  it  has  always  been  expressly  mentioned. 

If  the  substance,  after  the  moistening  with  tincture  of  io- 
dine, be  not  dried  before  applying  the  acid,  a crystalline  pre- 
cipitation of  iodine  takes  place,  by  which  any  observation  is 
made  impossible 

This  reaction  of  tincture  of  iodine  and  sulphuric  acid  on 
the  vegetable  tissues,  is  so  general,  that  it  deserves  further 
consideration.  It  is  distinctly  produced  not  only  in  all  young 
cell- walls,  but  in  many  older  ones,  such  as  the  collenchymatic 
and  merenchymatic  tissues,  and  in  all  the  unincrusted  me- 
dullary cells ; thus  a very  useful  means  is  aflbrded  for  detect- 
ing cellulose.  The  reaction  is  even  exhibited  on  cellulose, 
which  has  been  exposed  to  the  influence  of  powerful  agents 
used  to  prepare  and  purify  it  Flax,  for  instance,  after  hav- 
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ing  been  ex{X)sed  to  the  action  of  chlorine ; the  seeds  of 
Phytelephas  treated  in  the  same  manner ; the  seeds  of  Cocos 
nucifera,  treated  with  strong  potash  and  chlorine  ; the  seeds 
of  Cocos  lapidea,  treated  twice  in  the  same  way — all  these 
exhibit  the  reaction  of  iodine  and  sulphuric  acid  with  the 
same  distinctness.  Where  we  have  not  to  do  with  pure  cellu- 
lose,— for  instance,  in  the  internal  layers  of  the  fibrous  cells  of 
the  bark  (thick-walled  prosenchymatical  cells),  or  the  spires  of 
the  spiral  cells, — these  two  reagents  have  the  greatest  value, 
very  far  surpassing  in  efficacy  every  other  we  have  tried.  We 
have  used  them  very  frequently,  and  shall  now  proceed  to 
treat  particularly  of  the  various  species  of  cells,  and  to  con- 
sider of  what  substances  they  seem  to  be  composed.  In  this 
account  especially,  I need  the  reader’s  indulgence,  as  this  is 
the  first  trial  in  this  department  of  science;  and  I shall  be 
obliged  to  refer  to  a series  of  particular  reactions,  fully  to  re- 
present the  facts  that  are  connected  with  this  branch  of 
natural  philosophy ; facts  which  are  still  too  isolated  to  be 
capable,  in  a scientific  system,  of  being  comprehended  under 
any  general  views. 

1°  The  globular  merenchymatical  cells  in  very  young  leaves 
of  Agave  Americana,  when  treated  with  strong  nitric  acid,  be- 
come very  much  expanded.  When  nitric  acid  is  used,  diluted 
with  an  equal  bulk  of  water,  the  cell-kernels  which  are  visi- 
ble in  the  natural  state  are  very  plainly  seen  (fig.  10).  W'hen 
exceedingly  young  they  exhibit  very  distinctly  the  internal 
utricle  with  the  nucleus  in  its  wall;  in  some  of  them  even 
two  nuclei  are  seen. 

Strong  sulphuric  acid  dissolves  these  merenchymatical 
cells  rapidly;  when  diluted  with  one-fourth  of  water  it  colours 
the  cell-walls,  previously  moistened  with  iodine,  blue  (fig. 
69) ; and  the  contents  of  the  cell,  brown. 

These  reactions  show  that  the  globular  merenchymatical 
cells  consist  of  pure  cellulose.  As  the  action  of  nitric  acid 
does  not  perceptibly  change  the  colour  either  of  the  cell-wall 
or  of  the  nuclei,  it  follows  that  there  exists  in  them  either  no 
protein  compound  at  all,  or  this  only  in  such  a minute  quantity 
that  the  xantho-proteic  acid  produced  is  imperceptible.  If, 
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after  the  action  of  nitric  acid,  an  excess  of  ammonia  is  added, 
not  a trace  of  a yellow  colour  is  produced ; hence,  we  may 
safely  conclude  that  these  cell-walls  contain  no  perceptible 
traces  of  protein.* 

2°  The  elliptic  parenchymatical  ceUe  of  Aloe  lingua  are  imme- 
diately dissolved  by  strong  sulphuric  acid.'f  By  nitric  acid 
the  internal  utricle  is  rendered  very  distinct  in  the  form  of 
a yellow  granular  membrane  (fig.  8),  the  exterior  cell-wall 
remaining  unaltered.  Not  a trace  of  a nucleus  is  to  be  seen.J 
If  an  excess  of  ammonia  is  then  added,  neither  the  internal 
utricle  nor  the  external  cell-wall  exhibit  any  change  in  ap- 
pearanc6L§ 

By  the  action  of  iodine  and  sulphuric  acid  these  cells  be- 
come of  a beautiful  blue,  and  are  readily  dissolved.  They 
dissolve  very  rapidly  in  strong  phosphoric  acid  (of  the  con- 
sistency of  syrup),  and  in  strong  sulphuric  acid.|| 

They  are  not  perceptibly  afiected  by  aqua  regia  the  in- 
ternal utricle,  however,  is  rendered  very  distinct ; and  the 
same  effect  is  produced  by  strong  hydrochloric,  and  diluted 
sulphuric  acids.  This  shows  {q>parently  that  this  utricle  is 
essentially  different  from  the  external  cell-wall,  which  seems 
here  also  to  consist  entirely  of  cellulose,  no  admixture  of  any 
other  substance  being  distinctly  perceptible  The  internal 
utricle  is  contracted  by  alcohol,  hydrochloric  acid,  nitric  acid, 
aqua  regia,  and  diluted  sulphuric  acid ; but  as  it  is  not  co- 


* When  the  action  of  iodine  and  diluted  sulphuric  acid  (4  parts  acid  to  1 of 
water)  has  been  continued  for  forty-eight  hours,  the  whole  is  decolorised  on  the 
addition  of  ammonia,  and  the  nuclei  become  distinctly  risible,  thus  showing 
that  they  hare  not  been  altered  by  these  reagents.  Bromine,  after  some  honrs, 
renders  the  internal  utricle  of  a very  old  Agave  very  distinctly  risible.  (Kart- 
ing and  Mulder.) 

t And  the  chloropbyle  contained  in  them  turns  blue. 

^ In  the  cells,  which  are  situated  close  to  the  bundles  of  vessels,  targ 
round  bodies  appear  here  and  there  (fig.  8,  c)  having  a sharply  defined  edge, 
a granular  appearance,  and  a yellow  colour  (globules  of  resin  1) 

$ The  globular  bodies  referred  to  in  the  preceding  note,  assume  a brownish 
tint. 

Q The  globnles  of  chlorophyle  become  blueisb  green,  and  are  dissolved. 

^ Which,  however,  acts  upon  the  chlorophyle,  of  which  the  globules  liccome 
much  smaller. 
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loured  yellow  or  orange  by  nitric  acid  and  ammonia,  we  have 
no  reason  to  assume  the  presence  of  a protein  compound  here, 
any  more  than  in  the  external  cell-walL  • 

It  is  not  entirely  correct  to  say  that  this  utricle  disappears 
when  the  cells  grow  older  ; in  Aloe  lingua,  at  least,  we 
always  found  it  perfectly  developed  in  the  summit  of  an  old 
leaf,  where,  therefore,  it  is  a permanent  membrane,  as  has 
likewise  been  stated  by  Mohl. 

Both  in  the  cell- walls  and  in  the  nuclei  of  young  leaves  not 
yet  unfolded,  no  change  is  produced  by  iodine  and  dilute 
sulphuric  acid.  If,  however,  strong  sulphuric  acid  is  then 
added,  these  parenchymatic  cells  also  turn  blue.  This  also 
happens  in  those  of  old  leaves  on  the  application  of  phospho- 
ric acid  either  preceded  or  followed  by  iodine  Both  phos- 
phoric and  sulphuric  acid,  therefore,  have  the  power  of  con- 
verting cellulose  into  the  starch-lik^  substance.  (Harting 
and  Mulder.) 

3°  The  angular  parmchgmatical  cells  of  Cicas  revoluta,  to  be 
found  at  the  base  of  a young  petiole,  exhibit  on  their  trans- 
verse section  a remarkable  diversity  in  the  substance  of  which 
the  wall  is  composed.  First,  the  large  nuclei  which  are  found 
in  them  are  coloured  yellow  by  iodine  ; whilst,  by  the  subse- 
quent application  of  diluted  sulphuric  acid,  the  thick  walls 
turn  blue,  leaving  triangular  interstices.  The  wall  presents 
spots  which  are  alternately  of  a darker  and  a lighter  blue,  the 
exterior  being  much  lighter  than  the  interior  layer  of  the 
same  wall  (fig.  27,  ad).  Close  to  the  inside  of  this  is  placed  a 
thin  yellow  membrane  (internal  utricle),  (fig.  27,  b).* 

This  angular  parenchyme,  therefore,  contains  not  only 
cellulose  but  another  substance  besides,  which  is  not  con- 
verted into  the  starch-like  substance  by  the  agents  above  men- 
tioned. This  substance  resists  the  action  of  stronger  sulphuric 
acid  without  being  even  coloured  by  it ; and  although  its  cha- 
racter has  not  been  more  closely  determined,  it  is  certainly 
neither  cellulose  nor  true  ligneous  matter.  It  may  be  pectose. 

* In  incnisted  cells  these  walls  have  large  pores;  the  interior  mUl  is  bine, 
t!:c  exterior  brown,  the  forxnei  of  which  is  seen  (‘liining  through  the  pores 
(Harting  and  Mulder). 
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4°  Tht  radiaUd  or  $$eUular  parenchyma  may  be  beautifully  - 
seen  in  the  partition-walls  of  the  petiole  of  Musa  Paradisiaca, 
and  belongs  to  those  tissues  which  consist  of  almost  pure  cel- 
lulose (fig.  9,  A and  B).  It  is  not  changed  in  colour  by  strong 
nitric  acid,  but  it  becomes  somewhat  inflated.* 

When  the  cell-wall  of  the  stellular  parenchyma  of  Musa 
is  itself  exposed  to  the  action  of  nitric  acid,  and  then  moist- 
ened with  an  excess  of  ammonia,  it  receives  a slightly  yellow 
tint,  which  indicates  that  it  is  not  entirely  devoid  of  protein. 

It  is  immediately  rendered  blue  by  the  action  of  iodine  and 
sulphuric  acid  (fig  9.  A).  From  the  colour  being  somewhat 
lighter  blue,  and  from  the  swelling  of  the  cell-walls  under  the 
influence  of  nitric  acid,  we  learn  that,  although  cellulose  is 
the  chief  constituent  of  the  cell-wall,  yet  it  is  mixed  with  some 
other  substance  which  is  not  coloured  by  these  reagenta 
This  induces  us  to  suppose  that  the  cell-wall  contains  pec- 
tose'f*  The  traces  of  protein  in  the  cell-wall  are  accounted 
for  by  the  presence  of  large  quantities  of  coagulated  albu- 


* In  KvenU  parts  of  the  interior  of  the  cells,  thich,  yellow,  stellated  bodies 
are  to  be  seen  (B,  aa),  which  assnme  an  intense  orange  colour  when  treated 
with  aa  excess  of  ammonia,  thus  showing  apparently — as  they  are  inrisible,  at 
least  eolonrless,  in  the  unchanged  tissue, — that  they  consist  entirely  of  coagu- 
lated albumen.  This  is  a very  remarkable  lact,  which  as  yet  stands  alone;  for 
wherever  in  the  parenchyme  of  plants  we  found  protein,  it  was  either  a constitu- 
entofthe  inemsted  cell-wall,  or  dissolved  in  the  Juices.  These  orange,  granular, 
stellated  bodies,  after  having  been  put  in  ammonia  for  some  time,  are  dissolved 
and  converted  into  a yellow  fluid,  which  is  diflfused  through  the  cell.  The  same 
result  takes  place  through  the  action  of  nitric  acid,  followed  by  that  of  potash; 
showing  that  xantho-pioteate  of  potash  has  been  produced  here.  The  cause 
of  this  protein  being  so  exactly  defined,  is  its  being  contained  in  internal 
atricles.  This  goes  to  prove  that  when  the  cells  are  young,  the  internal  utri- 
des  are  in  close  connection  with  the  cell-walls. 

The  oellnlar  membranes  which  consist  of  pure  cellulose  become  likewise 
swollen  by  nitric  acid,  and  also  by  hydrochloric  and  other  acids.  This  is  no 
proof,  therefore,  of  the  presence  of  pectates  in  the  wall,  though  in  this  case 
the  swelling  is  greater  than  with  pure  cellulose.  Turnips,  which  no  longer 
produced  any  pectic  acid,  after  being  boiled  with  carbonate  of  soda,  became 
much  swollen  by  the  influence  of  nitric  and  hydrochloric  acids.  See  the  arti- 
cles under  Pectic  Acid  sod  Xyloidin  in  Scheik.  Onderz.,  Deel  III.  See  also 
note,  p.  889. 
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men  in  the  contents  of  the  cells,  which  have  simply  pene- 
trated the  wall,  leaving,  however,  only  traces  in  it  (Hailing 
an3  Mulder.) 


K.  Spiral  Vessels. 

The  cells  of  plants  are  distinguished  by  a general  property 
to  which  too  much  attention  cannot  be  paid,  viz. : that  the 
walls  of  the  membrane  Iwjing  once  duly  formed,  the  substances 
are  deposited  on  them  in  a spiral  direction.  We  are  unac- 
quainted with  the  cause  of  this  phenomenon,  but  the  fact  is 
certain.  It  has  afforded  a key  to  the  discovery  of  a large  num- 
ber of  the  most  beautiful  particulars  relating  to  the  develop- 
ment of  the  organs  and  tissues  in  plants,  and  it  therefore 
deserves  special  attention. 

In  young  cells  all  that  is  to  be  seen  is  the  internal  utricle 
and  a thin  membrane  of  cellulose,  by  which  it  is  enveloped. 
In  a great  variety  of  other  cells,  however,  we  discover  a 
spiral  body,  convoluted  on  the  internal  wall  of  the  cell,  as  a 
thin  layer  of  a solid  substance  If  we  imagine  several  cells 
united  by  a common  axis,  this  spire  may  be  traced  from 
cell  to  cell.  If  that  spiral  deposit  be  accumulated  in  larger 
quantity,  the  cell  is  at  the  same  time  enlarged,  and  its  mem- 
brane expanded.  By  this  expansion  the  latter  gradually 
begins  to  disappear  at  the  point  where  the  cells  meet, 
and  a small  aperture  is  formed  at  the  place  of  contact 
of  the  cells,  which  are  united  by  one  and  the  same  axis 
In  this  way  there  is  produced  a continuous  canal,  con- 
sisting of  a great  number  of  vesicles,  which  are  in  mutual 
communication  by  small  apertures.  The  solid  parts  of  the 
contents  of  the  cell  are  invariably  deposited  at  the  spire, 
whilst  at  the  same  time  the  primary  membrane  continues  to 
be  expanded  at  the  point  of  junction  of  the  cells.  The 
aperture  at  this  point  goes  on  increasing  in  size  till  it  has 
reached  its  maximum ; that  is,  till  a continuous  cylindrical 
canal  has  been  formed,  consisting  of  several  cells,  united  into 
one  whole,  covered  over  internally  by  a single  little  spiral 
thread. 
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In  this  manner  the  canals  are  produced,  which  are  called 
spiral  vessels,  and  which  occur  very  frequently  in  plants. 
They  are  not  formed  from  the  substance  of  the  primary  cel- 
lular membrane  alone,  but  from  this  united  with  another  sub- 
stance deposited  upon  it 

The  spiral  thread  itself  is  not  hollow,  as  is  thought  by  some. 
It  is  solid  internally,  having  either  a circular,  an  elliptic, 
or  a quadrangular  transverse  section.  The  thread  is  pure 
white.  Its  convolutions  often  touch  each  other  so  as  to  pro- 
duce an  uninterrupted  tube,  which,  if  the  vessels  are  neither 
too  young  nor  too  old,  admits  of  being  drawn  out  into  the 
form  of  a corkscrew.  In  most  cases  the  direction  of  the 
spiral  is  left-handed.* 

These  convolutions,  however,  do  not  always  touch  each 
other  ; sometimes  the  distance  between  them  is  considerable 
In  some  cases  a few  are  united  into  one  whole,  which,  when 
the  spire  is  unrolled,  adhere  to  each  other  much  more  strong- 
ly than  those  on  each  side  of  them  do  with  their  neighbours 
of  the  next  set,  thus  forming,  as  it  were,  a band  or  cord  of 
four,  six,  or  more  threads,  between  which  a firmer  adhesion 
exists  Sometimes  several  layers  of  spiral  threads  are  seen 
rolled  up  close  together,  so  that  the  tube  consists  of  a num- 
ber of  threads,  lying  beside  each  other,  and  not  unfrequently 
amounting  to  twenty  in  number. 

The  composition  of  the  threads  of  the  spiral  vessels  is  not 
essentially  different  from  that  of  the  substance  which  forms 
the  walls  of  the  vessels,  as  long,  at  least,  os  the  spire  is  young; 
but  when  it  increases  in  age,  an  essential  difference  between 
them  becomes  apparent.  In  Agave  Americana,  fig.  50,  the 
spiral  threads  of  full-grown  leaves  became  of  a fine  blue,  like 
the  walls  of  the  spire,  as  soon  as  they  were  acted  upon  by  iodine 
and  sulphuric  acid  (4  parts  of  acid  to  1 of  water).  The  vo- 
lume of  the  thread  was  at  the  same  time  considerably  enlarg- 
ed. In  an  old  part  of  an  entirely  full  grown  leaf,  only  one 

* It  requires  further  mrestigstion  to  prove  whether  the  substance  of  the 
spire  consists  of  two  layers,  a central  and  a cortical  substance,  and  whether  these 
are  separated  by  potash  into  two,  the  one  of  which  is  starch,  whilst  the  other 
is  coloured  yellow  by  iodine  (Endlicher  and  linger,  Bot.  S.  86).  We  have  not 
found  this  observation  confirmed. 
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single  spire  became  immediately  blue,  while  the  others  assumed 
the  green  colour  of  the  bile  (fig.  51).  This  prores  that  there 
are,  at  least,  two  different  substances  entering  into  their  com- 
position ; — one  of  which  becomes  blue  by  iodine,  whilst  the 
other  retains  its  yellowish  brown  colour.  These  older  spires  be- 
came also  much  less  swollen  than  the  young  ones.  Although  the 
old  leaves  exhibit  a stronger  tinge  of  blue  when  strong  sul- 
phuric acid  is  applied,  yet  they  always  retain  a greenish  tint. 
The  same  is  the  case  with  the  spires  of  Musa  Paradisiaca,  where 
they  consist  of  a cord  of  five  threads,  traversed  by  dentated 
linea  By  the  action  of  iodine  and  sulphuric  acid  these  threads 
turn  greenish  blue,  are  separated  from  each  other,  and  pre- 
sent a dark  blue  space  between  them,  owing  to  the  transpa- 
rent cell-wall. 

By  the  application  of  strong  nitric  acid,  the  young  threads 
of  Agave  Americana  become  swollen,  and  exhibit  points,  pro- 
truding alternately,  without  undergoing  any  further  change 
When  an  excess  of  ammonia  is  added,  they  become  yellowish, 
which  indicates  the  presence  of  a trace  of  protein.  No  dif- 
ference in  substance  can  be  detected  by  applying  a magnify- 
ing power  either  of  605  or  of  788  linear.  (Fig.  49.)  In  strong 
sulphuric  acid  they  are  immediately  dissolved,  and  the  colour 
becomes  brownish.  (Fig.  52.)  They  do  not,  therefore,  consist  of 
pure  cellulose  Dilute  sulphuric  acid  (4  parts  to  1 of  water) 
does  not  produce  any  change  in  the  spirea  (Fig.  4fi)  If  strong 
sulphuric  acid  is  then  added,  the  thread  is  divided  into  small 
pieces,  which  are  gradually  dissolved.  At  the  same  time  they 
become  yellow,  and  when  the  thread  is  dissolved,  yellow  gra- 
nules remain,  which  are  much  larger  in  size  than  the  diame- 
ter of  the  thread,  become  smaller  when  acted  on  by  ammonia, 
and  arc  again  much  extended  by  potash.  (Fig.  47.*) 

* Aqua  rcgla  does  not  alter  the  old  threads  of  .\garc  ; it  onlv  makes  them 
swell  a little.  Chromic  acid  has  the  same  cSect. 

The  threads  arc  not  changed  by  strong  acetic  acid.  When,  after  this  arid 
has  acted  for  some  time,  ferrocyanide  of  potassium  is  added,  no  precipitate  of 
protein  is  seen.  Alter  haring  been  placed  for  two  hours  in  a solution  of  bichlo- 
ride of  mercury,  they  hare  the  same  appearance  as  when  they  are  seen  in  water. 

It  is  worthy  of  remark,  that  in  the  same  plant,  eren  in  the  same  leaf,  the 
thread  rarres  so  much  in  thickness.  Both  the  thicker  and  the  thinner  ones 
however,  undergo  the  s-ame  changes  when  acted  on  hr  the  above  reagents. 
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When  acted  on  by  a strong  solntion  of  potash  they  become 
expanded,  and  their  surface  rough,  but  even  afler  24  hours 
they  are  not  dissolved  in  it ; they  are  not  further  changed  by 
the  addition  of  a frosh  quantity  of  potash.  (Fig  48.)*  In 
6g.  45  the  threads  are  represented  as  they  appear  in  water. 

In  Phytolacca  decandra  the  spiral  threads  become  yellow 
when  treated  with  strong  nitric  acid,  especially  after  the  ac- 
tion of  ammonia.  These,  therefore,  contain  also  traces  of 
[HTotein.  (Harting  and  Mulder.) 

Mitscherlich  has  analysed  the  entire  spiral  vessels  of  the 
Pisang  (p.  208),  that  is,  the  membrane  of  cellulose,  and  the 
thread  which  contains  cellulose,  a trace  of  protein  and  a third 
substance  besides.  Payen  obtained  from  the  threads  alone  of 
Musa  sapientum  (M^m.  p.  219), — 

C 48.43 

H 6.91 

0 44.66 

— which  is  the  same  proportion  of  carbon  as  was  found  by 
myself.  The  hydrogen,  however,  is  evidently  incorrect  here, 
and  as  Mitscherlich  has  not  given  the  proportion  he  found, 
we  are  still  unacquainted  with  their  composition. 

It  was  a matter  of  importance  to  find  out  the  composition 
of  the  spiral  threads,  as  the  reagents  mentioned  indicate  that, 
besides  cellulose,  they  contain  the  substance  which  constitutes 
the  intermediate  layer  of  the  woody  cells  or  the  true  woody 
matter ; this  may  be  inferred,  at  least,  from  what  has  been  ob- 
served in  old  spiral  threads.  In  woody  cells  three  different 
substances  occur,  vix,  that  of  the  external  layer,  that  of  the 
middle  one,  and  cellulose,  which  we  are,  as  yet,  unable  to  sepa- 
rate from  one  another;  and,  therefore,  the  analysis  of  an  ele- 
mentary tissue  containing  only  two  of  these  substances  will  be 
of  much  service  in  bringing  us  nearer  to  the  knowledge  of  the 
pure  intermediate  woody  matter.  The  composition  of  cellulose 
is  known ; the  protein  can  be  extracted  from  the  spiral  threads 
by  strong  acetic  acid ; and  if,  then,  from  the  entire  formula — 
given  by  the  analysis  of  the  spiral  threads  purified  in  this 
way,  and  treated  further  with  a weak  acid,  alcohol,  ether,  and 

* Tbej  would  undoubtedly  be  dissolved  in  a large  quantity  of  potash. 
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water, — that  of  cellulose  is  subtracted,  the  remainder  will  re- 
present the  composition  of  the  pure  and  real  substance  of 
which  the  intermediate  layer  of  the  woody  cells  consists. 

I have  examined  in  this  way  the  spiral  threads  from  Agave 
Americana, — purified  by  means  of  strong  acetic  acid,  water, 
alcohol,  and  ether.  They  left  above  2 per  cent  of  ash, 
which,  therefore,  could  not  be  removed  by  acetic  acid.  Dried 
at  266°  F.  they  gave — 


Found. 

Atoms. 

Calculated. 

c 

47.65 

64 

47.94 

H 

6.04. 

49 

5.99 

0 

46.31 

47 

46.07* 

The  result  of  this  analysis  represents  a mixture  of  two  sub- 
stances, of  which  one — cellulose — is  known.  Subtracting 
the  formula  of  the  latter  from  that  which  is  above  given,  we 
have — 


C 

H 

0 

64 

49 

47 

Cellulose, 

24 

21 

21 

Woody  matter. 

40 

28 

26 

Atoms. 

Calculated. 

C 

40 

50.89 

H 

28 

5.82 

0 

26 

43.29 

We  shall  speak  of  this  more  in  detail  under  the  section  on 
wood,  and  will  only  remark  here,  that  it  differs  from  ulmin, 
into  which  it  is  so  readily  converted,  only  by  the  elements  of 
water. 

C H 0 

Woody  matter,  40  28  26 

Ulmin,  40  14  12 

14  14 

This  woody  matter,  which  corresponds  to  the  intermediate 
layer  of  the  woody  cells,  we  shall  distinguish  by  the  name  of 

* Scheikund.  Ondera.,  D«el  III. 
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intermediate  woody  matter,  whilst  to  that  of  the  external  layer, 
we  shall  give  that  of  exterior  woody  matter. 

In  Mamillaria  pusilla, — which  has  broad,  large,  and  flat 
spires, — the  spiral  threads,  taken  from  the  spot  where  the 
stem  passes  into  the  rhizoma,  undergo  no  change  by  the 
action  of  potash  except  that  they  become  more  transparent 
The  cell-wall,  under  the  influence  of  this  reagent,  is  rapidly 
made  transparent  By  the  action  of  strong  nitric  acid,  the  rings 
which  are  visible  on  the  transverse  section,  become  yellowish ; if 
an  excess  of  ammonia  is  then  added,  a very  distinct  yellow 
colour  is  produced,  owing  to  the  formation  of  xantho-proteate 
of  ammonia, — this  is  much  stronger  than  in  Agave  or  Opun- 
tia  (Fig.  53.)  The  threads  remain  perfectly  homo^neous,  and 
become  somewhat  swollen.  The  longitudinal  section  of  the 
cell-wall,  when  treated  with  nitric  acid  and  ammonia,  does  not 
exhibit  any  change  of  colour.  (Fig.  54.)  By  tincture  of  iodine 
both  the  spires  and  the  cell-wall  are  coloured  brown  ; by  the 
addition  of  sulphuric  acid,  diluted  with  a fourth  part  of  water, 
they  do  not  turn  blue,  but  when  the  mono-hydrate  of  sulphu- 
ric acid  is  used,  the  cell-walls  are  dissolved  into  a flne  blue 
liquid,  whilst  the  spires  continue  brown.  (Fig.  55.)  After  some 
time  the  latter  assume  the  green  colour  of  bUe.  (Fig.  56  and 
57.)  Tliey  appear  perfectly  homogeneous,  and  after  half  an 
hour  they  become  brownish  red  (fig.  58),  by  the  action  of  the 
strong  acid,  and  after  twenty-four  hours  this  colour  is  still  un- 
changed. Neither  the  spires  nor  the  walls  are  aflPected  by  di- 
luted sulphuric  acid ; but  if  strong  sulphuric  acid  is  subse- 
quently added,  the  walls  are  first  dissolved,  and  then  gradual- 
ly the  spires,  which  at  first  are  colourless,  but  finally  become 
brownish, — without  leaving  any  granular  residue,  as  is  the 
case  in  Agave.  Along  with  the  spires — much  later,  therefore, 
than  the  walls  of  the  spiral  cells — the  medullary  cells  are  dis- 
solved, which  shows  that  the  substance  of  which  they  consist 
is  far  more  consolidated  than  the  walls  of  the  spiral  cells. 
Some  pieces  of  the  spires  are  seen  undissolved  even  after  the 
action  of  24  hours.* 

• Neither  the  spire*  nor  the  cellular  membranes  undergo  any  change  after 
haeiog  been  treated  vith  chlorine  water  for  24  hours,  at  the  common  tempera- 
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This  indicates  a difference  between  the  spires  of  the  spiral 
in  these  species  and  those  in  other  planta  Onlj  a very 
small  part  of  them  seems  to  be  cellulose,  but  they  contain  a 
lai^ge  quantity  of  the  intermediate  ligneous  matter. 

An  analysis  of  the  spiral  vessels  of  Mamillaria  promised  to 
be  of  importance,  because  we  could  thus  find  by  approxima- 
tion the  composition  of  the  spires.  The  ligneous  body  of 
Mamillaria  pusilla,  which  consists  of  about  80  per  cent,  of 
spires,  10  per  cent  of  medullary  rays,  and  10  per  cent  of 
spiral  tubes,  and  takes  the  place  of  the  wood  in  the  dicoty- 
ledonous plants,  as  the  dotted  cells  ( t'^fel-celU ) do  in  the 
coniferous, — after  being  treated  with  alcohol,  water,  and 
ether,  approached  near  to  that  of  pure  woody  matter.  The 
presence  of  the  very  thin  membrane  of  the  spiral  cells,  and 
the  medullary  rays,  is  the  cause  that  this  identity  of  compo- 
sition is  less  exact  (see  p.  423),  than  that  of  the  isolated 
spires  would  be.  The  results  were : — 


Dried  at  266°  F.  275°  F. 
C 50.49  50.25 

H 6.10  6.10 

0 N 4a41  43.65* 


As  the  ash  in  this  substance  amotmts  to  6 or  7 per  cent.,  the 
result  of  the  analysis  cannot  be  very  exact;  besides,  it  contains 
protein,  as  wood  does.  It  may  suffice  to  observe,  that  the 
spires  of  Mamillaria  appear  to  be  intermediate  woody  matter 


ture.  Wlien  digested  with  strong  hydrochloric  sdd  for  sn  equal  period  in  Um 
lur,  the  cellular  membranes  do  not  change  their  colour,  but  the  apiret  U> 
come  of  a light  violet.  (Fig.  59.)  This  shows  the  presence  of  a trace  of  protein. 
(This  reagent  for  protein  surpasses  in  delicacy  nitric  acid  with  ammonia,  and 
affords  an  excellent  means  for  detecting  protein  in  vegetable  tisanes.)  When 
digested  with  strong  nitric  acid  for  24  honin,  at  140*  F.,  both  the  cellular 
membranes  and  tho  spires  appear  very  much  inflated,  and  have  become  very 
transparent.  Digestion  with  a strong  potash-ley  at  the  same  temperature 
produces  the  same  effect,  and  renders  the  colour  yellowish  brown.  After  the 
whole  of  the  alkali  has  been  washed  out  with  water,  ths  application  of  iodias 
and  sulphuric  acid  still  produces  tho  same  blue  colour  in  the  oellnlar  msst- 
branes,  but  the  spires  become  brown.  (Karting  and  Mulder.) 

• Sebeikund.  Onders.,  DccI  ill. 
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in  which  almost  no  cellulose  can  be  detected.  In  compar- 
ing the  spires  of  Agave  with  those  of  Mamillaria,  we  per- 
ceive a difi'erence  in  the  quantity,  but  not  in  the  nature  of 
the  substances  of  which  the  threads  consist  Those  of  the 
former,  even  when  old,  contain  much  more  cellulose  than 
those  of  the  latter;  which  in  their  turn  contain  a much  greater 
quantity  of  the  intermediate  woody  matter,  and  along  with 
this  more  protein  also.  We  have  found  it  to  be  imiformly  the 
case  that,  when  the  intermediate  woody  matter  in  any  elemen- 
tary tissue  is  on  the  increase,  the  protein  increases  in  the  same 
ratio.  The  latter  accompanies  the  former.  While  the  protein  is 
itself  in  the  act  of  decomposition,  it  must  produce  this  inter- 
mediate woody  matter  from  the  contents  of  the  cell,  and 
whilst  effecting  this  change,  a part  of  it,  which  is  left  unde- 
composed, is  enclosed  within  the  substance  of  the  newly 
formed  solid  body.  This  is  the  cause  why  the  protein  is 
found  in  old  and  incrusted,  but  not  in  young  layers 

The  broad  spires  of  Mamillaria,  though  we  have  not 
examined  them  whilst  young,  must  be  formed  in  the  same 
manner  as  those  of  Agave  americana  The  first  traces 
mnst  be  spiral  incrustations  of  woody  matter  deposited  on 
the  cell-wall,  but  mixed  with  a great  deal  of  cellulose.  The 
proportion  of  the  former  increases  gradually,  whilst  that  of 
the  latter  decreases,  and  it  finally  disappears  altogether,  either 
in  reality  or  apparently. 

The  same  substance,  therefore,  gives  rise  to  the  formation 
of  spires,  and  of  layers  of  woody  matter  in  the  ligneous  cells, 
the  only  difference  being  in  the  spot  where  deposition  takes 
place.  In  the  spiral  vessels  this  is  effected  on  the  internal 
wall,  and  in  a spiral  direction  ; but  in  the  ligneous  cells  it 
penetrates  in  layers  throttgh  the  cell-wall  outwards. 

The  wall  of  the  spiral  vessels  is  always  pure  cellulose. 


4-  AnntUar,  Reiieulated,  Striated,  Punctated  VeeeeU. 

It  does  not  always  happen  that  the  spiral  layer  of  matter, 
which  is  deposited  in  some  cellular  systems  upon  the  mem- 
brane of  cellulose  in  the  form  of  a distinct  spire,  produces 
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either  sucli  spires  as  we  have  been  describing,  or  spiral  vessels 
duly  developed.  If  between  the  cells  that  adjoin  each  other 
no  pore  of  communication  is  produced,  the  cells  remain  iso- 
lated from  each  other,  and  either  retain  the  spire,  or  new  pro- 
ducts of  the  latter  are  deposited  in  them.  If  the  adhering 
cells  acquire  a common  aperture,  while  the  spire  remains 
but  imperfectly  developed,  the  vessel  produced  has  a diffe- 
rent shape  from  the  spiral  vessels. 

These  are  the  means  through  which  nature  forms  several 
kinds  of  vessels  in  planta 

When  the  isolated  convolutions  of  a spire  are  placed  close 
to  one  another,  they  resemble  a ring  in  appearance.  If  two, 
three,  or  more  convolutions  of  a spire,  deposited  on  the  in- 
side of  a cell,  adhere  to  each  other,  and  the  cellular  mem- 
brane then  becomes  expanded,  this  set  of  convolutions  is 
apt  to  be  torn  off  from  the  remainder  of  the  spire,  and  a 
ring  is  in  this  way  produced.  If  such  a partial  adhesion  of 
a small  number  of  convolutions  takes  place  over  the  whole 
length  of  the  spire,  then  the  consequence  is  that,  by  the 
expansion  of  the  cellular  membrane,  and  the  subsequent 
separation  of  these  several  parts,  a set  of  rings  is  formed, 
which  are  united  together  by  the  cellular  membrane ; in 
other  words,  an  annular  cell  is  produced.  Finally,  if  we  ima- 
gine such  a change  to  take  place  in  a series  of  cells,  united 
together  by  one  axis,  and  that  the  several  walls  of  division 
between  them  disappear,  an  annular  resfel  is  produced,  being 
a tube  originally  consisting  of  cells  which  were  incrusted 
in  a spiral  direction, — a tube  which  may  extend  to  a con- 
siderable length  within  the  plant  These  rings,  like  the 
spires,  contain  incrusting  matter,  and  are  united  by  the 
membrane  of  the  cell  in  which  this  incrustation  has  origi- 
nally taken  place. 

There  can  be  no  doubt  as  to  the  origin  of  these  annular 
vessels  ; since  between  the  rings  small  fragments  of  the 
spires  may  often  be  seen,  which  have  escaped  the  general 
transformation. 

Reticulated  teueU  are  produced  in  a similar  manner  from 
substances  deposited  in  a spiral  direction  upon  the  cell- 
walls.  In  their  formation,  however,  this  difference  exists, 
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that  the  spiral  convolutions  are  detached — not  regularly,  as 
b the  case  with  the  rings, — but  irregularly ; the  consequence 
of  which  is,  that  in  various  spots  of  these  vessels  there  may 
be  seen  small,  isolated  portions  of  the  incrusting  matter, 
which  was  originally  deposited  in  a spiral  direction. 

If  these  portions  have  a regular  appearance,  the  vessels 
receive  the  name  of  striated ; they  are  regular  parts  of  con- 
volutions which  do  not  extend  to  the  formation  of  a com- 
plete ring. 

Finally,  if  these  portions  of  the  spire,  which  are  externally 
visible,  are  very  minute  but  in  great  number, — in  other 
words,  if  the  convolutions  are  divided  into  innumerable 
small  portions,  then  we  perceive  in  the  midst  of  them,  on 
the  spots  where  the  portions  of  the  spire  have  separated  from 
each  other,  a number  of  points,  and  hence  the  vessels  thus 
produced  have  received  the  name  of  punctated  vessels.  Like 

the  others,  they  consist  of  the  cellular  membranes,  covered 
internally  with  portions  of  the  spire  which  had  been  depo- 
sited within  the  celb  in  the  shape  of  incrusting  matter. 

It  is  quite  certain  that  all  the  vessels  in  plants  are,  with- 
out exception,  produced  from  cells,  and  that  their  several 
varieties  originate  in  the  ways  just  mentioned.  In  proof  oi 
the  first  statement,  even  in  vessels  of  an  advanced  state,  we 
find  irregularities  of  such  a kind  as  can  only  be  accounted  for 
by  reference  to  their  cellular  origin, — such  as  their  being  con- 
tracted at  distances  which  are  proportionate  to  the  size  of 
the  cells,  and  which  represent  remainders  of  the  original 
transverse  walb  of  the  ceUs. 

Although,  in  our  opinion,  one  and  the  same  primary  cause, 
— viz.,  the  spiral  deposition  of  a thin  layer  of  matter  (inter- 
mediate woody  matter)  on  the  cell-wall, — is  the  source  to 
which  the  cell-walls  owe  their  incrustation  ; spiral  vessels, 
their  development;  and  annular,  reticulated,  striated,  and 
punctated  vessels,  their  existence ; — it  must  not,  however,  be 
imagined,  that  these  forms  are  convertible  into  each  other, 
either  arbitrarily,  or  by  a small  variation  of  conditions,  so 
that  a punctated  or  a striated  vessel  can  be  considered  as  an 
imperfect  spiral  vessel  Such  b by  no  means  the  case  There 
is  a perfect  stability  in  the  development  of  the  several  forms 
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we  have  been  describing  from  the  same  fundamental  form, 
from  the  same  simple  principle  employed  by  Nature.  It  is 
most  evident  that  in  the  organic  kingdom,  by  means  of  the 
deposition  of  substances  in  a spiral  direction,  the  organs  we 
refer  to  are  formed  in  accordance  with  fixed  principles,  and 
that  each  of  these  oi^ans  must  be  regarded  as  perfect  of  its 
kind.  It  is  through  this  property  of  plants,  of  either  secret- 
ing substances,  or  developing  elementary  parts  invariably  in 
a spiral  direction,  that  even  the  division  of  branches  and 
leaves  is  subject  to  the  most  striking  r^ularity ; and  the 
apparent  confusion  which  attends  it,  has  by  Schimper  and 
Braun  been  reduced  to  the  most  beautiful  order  by  referring 
it  to  this  predisposition  to  the  formation  of  spires. 

Nothing  certain  was  known  concerning  the  substances  of 
which  all  these  kinds  of  vessels  are  formed.  It  was  certain 
that  cellulose  is  present  in  the  walls  of  the  vessels,  but  to 
this  part  of  their  composition  our  knowledge  was  limited. 
We  give  some  of  our  observations  made  on  the  subject 

1°  Annular  celU  are  identical  as  to  the  material  of  their 
walls  with  parenchymatical  cells  ; that  is,  they  consist  of 
pure  cellulose.  But  the  rings  themselves  are  of  a peculiar 
nature,  and  differ  more  or  less  from  the  spires  of  the  spiral 
vessels,  being  similar  to  those  of  the  spiral  cells. 

A strong  potash  solution  causes  the  rings  of  Opuntia 
microdasis  to  swell,  (fig.  60,  61,  62,  63,  64.)  They  remain 
perfectly  homogeneous,  uncoloured,  and  are  not  dissolved. 

Strong  nitric  acid  makes  them  swell ; they  remain  unco- 
loured : but  on  the  addition  of  an  excess  of  ammonia,  a trace 
of  protein  is  detected,  (fig.  63.) 

Strong  sulphuric  acid  has  the  effect  of  immediately  dis- 
solving the  cell-wall,  while  the  rings  swell  and  become  trans- 
parent. The  latter  remain  jierfectly  homogeneous,  while 
numerous  minute  apertures  appear  in  them,  and  they  acquire 
a crenulated  internal  rim.  A yellow  colour  is  produced,  (fig. 
61.)  They  are  not  dissolved  by  an  excess  of  strong  sulphu- 
ric acid,  even  after  the  action  has  been  continued  for  an 
hour.  The  spires  present  in  the  objects  examined  are  af- 
fected in  exactly  the  same  manner. 

The  rings  continue  to  remain  undissolvcd  after  strong  sul- 
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phuric  acid  has  acted  upon  them  for  twenty-four  hours.  By 
the  addition  of  tincture  of  iodine  they  do  not  turn  blue,  but 
brown,  (fig.  62.)  Several  superimposed  layers  rapidly  appear, 
— in  some  three,  in  others  four  in  number, — separated  from 
each  other  by  dark  lines.  There  are,  however,  some  amongst 
them,  which  do  not  exhibit  such  layers  ; and  a few  of  these 
surroimded  externally  by  a thin,  very  dark  coloured  band, 
and  have  in  their  interior  a clear  colourless  part,  which  is  the 
aperture,  (fig.  62.) 

When  a dry  object  is  moistened  with  strong  sulphuric 
acid,  the  rings  become  much  swollen,  and  are  dissolved  a lit- 
tle before  the  spires  which  are  present  At  first  the  colour 
is  greenish,  (fig.  64,)  and  becomes  brownish  afterwards.  Not 
a trace  is  left  undissolved  so  far  as  can  be  detected. 

On  the  application  of  tincture  of  iodine  and  sulphuric  acid 
(4  parts  acid  to  1 of  water),  the  rings  turn  yellow.  If  strong 
sulphuric  acid  is  then  added,  they  become  of  a dark  yellow, 
and  subsequently  of  a bile-green,  but  not  blue ; whilst  the 
merenchymatic  cells,  and  the  walls  of  the  annular  and  spiral 
cells,  become  immediately  of  a beautiful  blue.  The  spires  of 
the  latter  acquire  the  same  green  colour  as  the  ringa  The 
transition  of  spires  into  rings,  which  we  observed  in  several 
instances,  receives  additional  support  from  these  reactions, 
as  they  show  that  both  spires  and  rings  are  composed  of  the 
same  substancea  (Fig.  60.*) 

The  rings  of  the  annular  vessels  (striated  cells)  of  Vitis 
vinifera,  (fig.  44,  e)  exhibit  the  same  phenomena  as  those 
here  mentioned.  (Halting  and  Mulder.) 

The  walls  of  the  annular  cells,  therefore,  consist  of  cellu- 
lose, and,  os  it  appears,  of  nothing  else ; but  the  rings  con- 
tain only  a trace  of  it  As,  however,  they  consisted  formerly 
entirely  of  cellulose,  (see  Spiral  VesteU),  and  now  exhibit  the 
characters  of  the  intermediate  wall  of  the  woody  cells,  the 
rings  during  their  development  must  have  undergone  a consi- 
derable change.  The  reactions  exhibited  by  the  substance 
composing  them  seem  to  indicate  that  it  is  similar  to  the  in- 

* Chromic  acid  prodacos  no  other  change  in  the  rings  than  to  make  them 
awell , Afjita  regia  does  the  same.  The  spires  are  similarly  afTsefed. 
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crusting  layers  of  Hoya,  and  therefore  consists  of  a little 
cellulose  with  much  of  the  intermediate  ligneons  matter. 
The  wall  that  constitutes  the  exterior  covering  of  the  trans- 
verse section  of  the  rings  of  the  annular  cells,  contains  more 
of  this  peculiar  ligneous  matter,  and  less  cellulose,  than  the 
other  part  of  the  rings. 

Hence  it  follows,  that  ligneous  matter  is  formed  from  the 
contents  of  the  cell,  penetrates  into  the  spire  and  incnists  h, 
partly  by  intus-susception,  partly  by  super-position,  as  takes 
place  in  the  woody  cells  of  Hoya 

2"  The  reticulated  veeeelt,  as  observed  in  Tradescantia  viigi- 
nica,  are  exactly  analogous  to  the  annular  and  spiral  vessels 
We  observed,  in  several  transverse  sections,  that  the  same 
vessel  contained  rings  and  spires  The  cell-wall  becomes  dark 
blue  by  the  action  of  iodine  and  sulphuric  acid,  but  the  rings 
themselves  greenish-yellow.  (Halting  and  Mulder.) 

3°  The  tcaliform  veetele,  so  far  as  we  have  examined  them, 
have  shown  a peculiar  relation  to  reagenta  We  first  exam- 
ined those  of  Aspidium  filix  mas,  where  a large  number  of 
them  is  found  in  a bundle  of  vessels,  of  which  the  transverse 
section  presents  a dark  rim.  The  thick  wall  by  which  the  bun- 
dle is  surrounded,  is  not  dissolved  in  sulphuric  acid  (4  parts 
acid  to  1 of  water) — thus  proving  to  be  similar,  in  this  respect, 
to  the  cuticle  of  plants  and  the  exterior  layer  of  the  woody 
cella  On  being  treated  with  iodine  and  sulphuric  acid,  it 
assumes  a brown  colour.  The  scaliform  vessels  themselves, 
when  acted  upon  by  iodine  and  sulphuric  acid,  become  ex- 
ternally brownish,  and  do  not  exhibit  any  distinct  structure 
or  succession  of  layers.  A vessel  of  this  kind,  when  cut  lon- 
gitudinally, presents  the  appearance  of  isolated,  yellowish- 
green  fragments,  lying  in  a transverse  direction,  so  that  the 
transparent  spots  of  a scaliform  vessel  are  really  slits.  There 
cannot  be  present  in  these  vessels  any  thin  cellular  membrane, 
surrounding  the  annular  portions,  as  from  the  very  first  mo- 
ment of  action  no  blue  colour  could  be  seen  in  the  spaces 
between  the  rings. 

The  same  substance,  therefore,  that  forms  the  rings  of  the 
annular  vessels,  (the  intermediate  ligneous  matter,)  consti- 
tutes the  annular  parts  of  the  scaliform  vessels;  whilst  the 
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exterior  layer  by  which  they  are  surrounded,  and  which 
becomes  brown  under  the  action  of  iodine  and  sulphuric 
acid,  seems  to  be  of  another  character,  and  in  this  instance 
analogous  to  the  exterior  layer  of  the  ligneous  cells.  (See 
Ligneous  Cell*.) 

After  forty-eight  hours  every  thing  appears  the  same.  If 
strong  sulphuric  acid  is  then  added,  some  vessels  turn  dark 
brown,  others  yellow,  and  others  green.  The  broader  ones 
become  brown,  and  those  which  are  thinner,  green.  This 
cannot  be  attributed  to  a difference  in  age,  for  all  the  ves- 
sels that  constitute  the  bundle,  are  alike  developed  from  the 
bud  at  once. 

A difference  in  dimension,  however,  can  only  be  caused 
by  difference  in  development ; and  as  the  thinner  vessels  be- 
come green,  they  still  contain  some  cellulose,  which  does  not 
seem  to  exist  to  any  sensible  amount  in  the  older  ones. 

This  fact  deserves  our  special  attention,  because  it  indi- 
cates an  actual  change  of  cellulose  into  another  substance, 
or  at  least  a replacement  of  cellulose  by  something  else. 
Whilst  some  tissues,  from  their  very  first  to  their  highest 
development,  always  contain  cellulose,  it  'constantly  dimi- 
nishes in  others,  and  finally  disappears  altogether  after 
having  made  room  for  another  substance,  which  in  the  pre- 
sent case  is  the  intermediate  woody  matter. 

In  this  respect,  therefore,  the  tissues  of  plants  are  analo- 
gous to  those  of  animala  The  cartilaginous  tissue  in  the 
bones  is  converted  into  gelatinous  tissue ; in  the  skin  and 
serous  membranes,  the  gelatinous  tissue  always  retains  its 
original  character  unchanged. 

In  Vitis  vinifera  the  scaliform  vessels  are  accompanied 
by  porous  vessels.  Whilst  the  medullary  cells,  under  the 
action  of  iodine  and  sulphuric  acid,  become  of  a bright  blue, 
the  annular  and  spiral  vessels  become  brown  internally.  The 
porous  vessels  present,  in  their  longitudinal  section,  here 
and  there  colourless  apertures  (fig.  44),  which  have  a blue 
colour  if  the  vessel  itself  has  not  been  cut.  In  the  thick- 
walled  parenchymatical  cells  of  Cicas  revoluta,  fig.  28,  the 
exterior  layer  of  the  wall,  (that  which  externally  surrounds 
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the  ligneous  cells,  and  which  we  distinguish  by  the  name  of 
outer  ligneous  matter)  is  brownish, — and  the  internal  tegu- 
ment (cellulose)  is  blue.  Hence,  in  a longitudinal  section, 
the  true  apertures  must  present  the  real  appearance  of  the 
blue  internal  tegument  But  the  stem  of  Vitis  vinifera  con- 
tains also  other  porous  vessels  of  which  the  pores  are  green. 
These  are  the  spots  where  real  hollows  or  pits  {hofitippeU) 
are  situated,  where  the  brown  membrane  is  very  thin,  and 
hence  the  blue  shining  through  it  appears  green. 

There  are,  therefore,  two  distinct  walls  in  the  porous  ves- 
sels, which,  as  the  one  becomes  blue  and  the  other  brown, 
must  consist  of  two  different  substancea  Besides,  there  are 
two  kinds  of  pores  which  are  produced  either  by  correspond- 
ing apertures  in  both  the  walls,  or  by  canals  in  the  external 
walls  which  open  internally. 

The  transverse  section  of  the  porous  vessels  exhibits  some 
similarity  with  that  of  the  ligneous  cells.  They  are  not  only 
thick- walled,  like  the  latter,  but  they  sometimes  contain  inter- 
hally  a very  thin,  brown,  granular  membrane,  (internal  utricle?) 
which  is  contracted  by  iodine  and  sulphuric  acid.  They  differ 
however,  from  the  ligneous  cells  in  respect  of  the  intermediate 
wall — situated  between  the  external  wall  which  is  turned 
brown,  and  the  thin  internal  utricle,  just  mentioned. — which 
in  them  is  pure  cellulose  ; whilst  in  the  ligneous  cells  it  con- 
sists of  several  layers,  of  which  only  the  innermost  is  pure 
cellulose.  The  porous  vessels  may,  therefore,  be  called  lig- 
neous cells,  free  from  the  intermediate  woody  matter. 

In  Vitis  vinifera  we  have  most  distinctly  seen  the  transi- 
tion of  scaliform  into  porous  vessels ; whence  it  appears, 
that  both  have  the  same  origin,  and  are  produced  in  the 
same  manner.  We  observed  in  the  longitudinal  section  of  a 
single  long  vessel,  that  one  part  of  it  was  scaliform,  and 
another  part  porous. 

We  also  found  the  external  wall  which  became  brown,  and 
an  Internal  one  which  turned  blue,  by  the  action  of  iodine 
and  sulphuric  acid,  as  mentioned  alwre, — in  the  porous 
ve.ssels  of  Euphorbia  caput-medusje,  and  in  the  punctate^l 
vessels  of  Asclepias  .syriaca 
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M.  Incrutted  CeU-KoUi. 

We  hare  now  reached  the  formation  of  hollows  in  the  cell- 
walls  fbrnuition\  which  has  given  rise  to  so  much  dis- 

cussion, and  which  is  partly  connected  with  the  question,  whe- 
ther the  incrustation  of  the  cell-wall  takes  place  on  the  inside, 
or  on  tAs  outside  of  the  walls  of  the  primary  cellular  mem- 
brane* 

1 shall  not  venture  to  pronounce  any  decisive  judgment  in 
a matter  that  has  been  so  thoroughly  investigated  by  the 
most  eminent  labourers  in  this  department  of  science ; but 
nobody  will  think  it  unbecoming,  that  I simply  communicate 
the  observations  which  I have  made  on  the  subject  in  con- 
cert with  Professor  Halting,  and  that  I draw  from  them  such 
conclusions  as  they  have  naturally  induced  me  to  do. 

Setting  aside  the  question  whether  the  primordial  utricle 
be  really  primordial,  it  has  become  evident,  from  the  objects 
examined  by  us,  that  the  same  kind  of  incrustation  does  not 
take  place  every  where,  and  that  the  subject  cannot  be  viewed 
from  one  point  alone  If  the  cellular  membrane — which  turns 
blue  by  the  action  of  iodine  and  sulphuric  acid,  which  exists 
in  the  very  youngest  tissues,  and  which  is  un-incrusted  in  the 
young  ligneous  cells — ^be  a permanent  one,  then  in  the  forma- 
tion of  wood  it  is  incrusted  extemaUy  ; for  such  a membrane 
consisting  of  cellulose  is  always  found  within  the  incrusted 
walla  The  ti^^-formation  takes  place  in  all  those  cases  by  a 
deposition  of  layers  aroand  the  primary  cell,  and  upon  these  a 
third  very  distinct  layer  is  deposited,  to  which  we  shall  give 
the  name  of  the  cuticle  of  the  ligneous  cell,  and  which  com- 
pletely incloses  the  incrusting  layer.  (Fig.  31,  Clematis  vi- 
talba,  fig.  36,  ditto.) 

But  another  and  different  incrustation  takes  place  besides 
this  external  one,  viz.,  on  the  inside  of  the  cell-wall  consisting 
of  cellulosa  This  is  most  distinctly  visible  in  the  thick-walled 
medullary  cells  of  Hoya  camosa,  (fig.  41  and  42.) 

* Sea  Mobl  Ober  den  Ban  der  getttpfelten  GefUme.  Linnna,  Bd.  d,  H.  1,  S.  1. 
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Lastly,  a third  kind  of  incrustation  takes  place  im  the 
cell-wall  itself,  which  does  not  produce  any  risible  deposition 
in  layers, — as  is  seen  in  the  albumen  of  the  seeds  of  Phytele- 
phas,  (fig.  84  and  85,)  and  of  Iris  cruciata,  (fig.  81  and  82.) 

It  appears,  therefore,  that  we  ought  to  assume  three  dis- 
tinct kinds  of  incrustation  of  the  cell-walL 

The  incruKted  and  t'upfel  or  pit-thapod  cell-tealU,  therefore, 
deserve  a detailed  treatment  We  shall  commence  with  giv- 
ing some  account  of  the  appearances  produced  in  those  of 
various  plants  by  different  reagents. 

Those  of  a young  branch  of  Hoya  camosa  of  the  second 
intemode,  counted  from  the  top,  on  being  treated  with 
strong  nitric  acid,  exhibit  nothing  particular.  With  iodine 
and  sulphuric  acid  (4  parts  to  1 of  water),  they  remain 
brown,  and  swell  a little.  The  woody  cells  resist  the  action 
of  ordinary  concentrated  sulphuric  acid ; they  become  yellow, 
however,  and  everything  else  except  the  cuticle  and  the  hairs 
is  dissolved. 

The  ligneous  cells  from  the  fourth  intemode  of  Hoya  be- 
come intensely  yellow  under  the  action  of  nitric  acid,  (fig. 
1,  A /)  like  the  incrusted  medullary  cells  (see  mtdtiOa). 
Iodine  and  sulphuric  acid  (4  parts  to  1 of  water)  colour 
them  brown.  (Fig.  1,  B /.)  Those  of  the  seventh  inter- 
node undergo  the  same  reaction.  The  very  young  woody 
cells,  however,  (the  cells  of  cambium  of  the  second  layer) 
become  of  a beautiful  blue  (fig.  1,  B e)  ; a fact  confirmatory 
of  an  observation  we  have  frequently  made,  that  the  primary 
cellulose  is  afterwards  either  changed  into,  or  replaced  by 
another  substance.  These  cells  are  not  incrusted,  and  the 
contents  are  brown. 

The  woody  cells  of  the  fourth  intemode,  treated  with  sul- 
phuric acid,  become  greenish  yellow,  swell  up,  and  exhibit 
concentric  layers ; the  swelling  is  so  great  as  to  make  the 
lumen  almost  entirely  disappear.  At  last  the  whole  is  dis- 
solved, and  the  woody  cells  leave  a membrane  behind,  which 
constitutes  the  external  wall  Some  of  them  have  the  iq>- 
pearance  of  a little  net  of  brown  hexagonal  meshesi 

The  same  reaction  is  observed  in  the  seventh  intemode, 
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but  here  it  takes  place  more  8I0WI7.  After  forty-eight  hours 
the  contents  of  the  woody  cells  have  become  brown  and 
shapeless. 

This  reaction  indicates  the  presence  of  a peculiar  substance 
in  ligneous  cells  of  the  fourth  internode  of  Hoya,  either  pro- 
duced from  or  substituted  for  cellulose  But,  whilst  the  se- 
venth internode  seems  to  contain  real  woody  matter,  which 
is  converted  by  sulphuric  acid  into  ulmic  acid,  and  while 
the  cells  are  enveloped  in  a thin  membrane,  which  is  insolu- 
ble in  sulphuric  acid  (exterior  matter  of  the  ligneous  cells), 
there  is  still  much  wanting,  which  is  peculiar  to  the  lig- 
neous or  woody  cells  of  other  plants.  (See  Ligneotu  Cells.) 

The  cellulose  disappears  very  slowly,  as  is  shown  by  the 
production  of  a bright  green  colour  in  the  young  woody  cells 
of  Hoya,  under  the  action  of  iodine  and  sulphuric  acid,  which 
we  observed  in  the  fourth  internode — a phenomenon  which 
was  also  exhibited  by  the  incrusted  medullary  cells  of  the 
same  preparation.  It  is  remarkable  that  there  is  so  much  simi- 
larity between  the  woody  and  incrusted  medullary  cells  as  re- 
gards the  incrusting  matter  itself.  It  would  appear,  that  be- 
fore the  incrustation  it  is  one  simple  substance,  and  does  not 
consist  of  a mixture  of  different  substances,  as  it  does  in  the 
' other  woody  cells. 

In  a very  old  branch  of  Hoya,  which  distinctly  exhibited 
the  concentric  layers,  and  where  the  incrustation  was  so 
thick  that  the  canal  or  lumen  of  the  cells  could  scarcely  be 
longer  distinguished,  the  incrusted  wall — as  is  also  that  of  the 
incrusted  medullary  cells — is  coloured  by  strong  sulphuric 
acid,  first  bright  green,  and  then  brown.  The  medullary  cells, 
which  are  dissolved  by  this  treatment,  undergo  that  transfor- 
mation first  on  the  outside. 

The  seeds  of  Alstrcemeria  aurea,  (fig.  76,  77,  78,  79,  80,) 
which  present  beautiful  hollows  (tiipfel)  formed  out  of  the 
albumen,  consist  of  a tissue  which  is  called  horny  albumen, 
and  is  semi-transparent  By  the  application  of  strong  nitric 
acid,  the  thick  cell-walls  become  swollen,  and  the  tiipfel,  or 
pits,  are  closed.  They  do  not  assume  even  the  slightest  yellow 
colour,  and  hardly  so  on  the  addition  of  ammonia.  Only  traces 
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of  protein,  therefore,  are  present  When  treated  with  iodine 
and  sulphuric  acid,  (4  parts  to  1 of  water),  they  do  not  turn 
blue  but  pale  yellow.  (Fig.  80.)  After  some  time  those  near 
the  epidermis  become  blue,  the  others  very  slightly  reddish 
violet  They  do  not  swell,  but  are  dissolved.  It  would  ap- 
pear, therefore,  that  they  consist  of  a peculiar  substance.  Th^ 
are  also  not  turned  blue  by  the  application  of  strong  sulpha- 
ric  acid  after  that  of  iodine,  with  the  exception,  as  before,  <A 
those  which  lie  near  the  surface.  As  the  latter  have  the 
same  form  as  the  rest,  they  appear  to  be  gradually  converted 
into  the  peculiar  substance  mentioned.  In  the  cells,  pore 
globules  of  oil  can  be  seen  without  any  other  substance  exist- 
ing between  them. 

By  potash  the  incrusted  walls  become  swollen,  but  even 
after  some  time  the  pits  are  still  distinctly  visible. 

The  very  young  seeds  have  this  important  peculiarity  that 
they  do  not  become  blue  by  the  action  of  iodine  and  sulphu- 
ric acid,  but  are  rapidly  dissolved.  No  globules  of  oil  are  pre- 
sent, but  though  devoid  of  starch,  they  appear  to  contiun  a gra- 
nular substance  The  walls  of  the  young  cells  are  very  thick, 
and  studded  with  a considerable  number  of  pits.  The  younger 
the  cell- wall  is,  the  less  it  is  coloured  by  iodine  alone,  which  is 
the  more  remarkable  as  the  young  cell-wall  is  very  soft,  and 
the  old,  on  the  contrary,  very  hard. 

No  layers  whatever  can  be  perceived  in  the  cell- wall. 

In  the  seeds  of  Iris  cruciata,  (6g.  81,  82,  83),  the  cell-walls 
are  found  incrusted  in  a manner  similar  to  those  of  the  seeds 
of  Alstroemeria  The  thickness  of  the  walls  is  0.0054  milli- 
metre They  are,  however,  affected  by  iodine  and  sulphuric 
acid  differently  from  those  of  Alstroemeria  By  iodine  alone 
they  are  coloured  brown.  Not  a trace  of  concentric  layers  is 
to  be  scon.  By  strong  sulphuric  acid  the  incrusted  cell-wall 
is  then  suddenly  coloured  blue  and  dissolved.  (Pig.  83.)  But 
by  the  action  of  iodine  and  sulphuric  acid,  (4  parts  to  1 of 
water),  it  becomes  brown,  (fig.  82),  and  presents  hexagonal 
figures,  of  which,  previous  to  the  application  of  the  acid,  not 
a trace  was  to  be  seen. ' The  brown  colour  is  not  the  conse- 
quence of  a decomposing  influence  of  the  acid,  for  after  forty- 
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eight  hours  the  addition  of  ammonia  restores  everything  to 
its  original  state,  as  if  no  reagents  had  been  applied 

The  seeds  of  Phytelephas  macrocarpa,  a transverse  sec- 
tion of  which  is  represented  in  figs.  84  and  85,  become  light 
blue  after  tbe  action  of  iodine  and  sulphuric  acid,  (fig.  85),  and 
are  lined  with  white  rims.  .They  also  now  present  the  appear- 
ance of  hexagonal  sections,  whilst  not  a trace  of  any  regula- 
rity could  be  seen  before  the  application  of  the  reagents. 
The  blue  coloiur  soon  disappears,  wd  is  changed  into  white. 

The  seeds  of  Phytelephas  having  been  analysed  before,  and 
having  given  the  composition  of  cellulose  (p.  200),  it  became 
a matter  of  importance  to  determine  that  of  the  seeds  of  Al- 
strcemeria  and  Iris.  Both  were  first  separated  from  the  epi- 
dermU,  those  of  the  Iris  having  also  the  embryo  removed,  then 
pulverised,  digested  subsequently  with  ether,  water,  and  al- 
cohol, and  analysed.  The  proportion  of  ash  they  contained 
was  invariable ; but  in  both  the  carbon  did  not  bum  away 
till  after  long  protracted  ignition. 


Seeds  of  Iris 

Seeds  of  Alstnsmeria 

dried  at 

dried  at 

Atoms. 

Calealated. 

266° 

266° 

292° 

c 

45.99 

45.86 

4.5.65 

24 

46.14 

H 

6.16 

6.26 

6.23 

19 

5.98 

0 

47.85 

47.89 

48.12 

19 

47.88* 

The  composition  of  these  seeds  thus  appears  to  be  very 
simple.  They  are  isomeric  with  mucilage  (Scheikund.  On- 
derz.  Deel  III.),  and  differ  from  cellulose,  of  which  the  seeds 
of  Phytelephas  partly  consist,  by  containing  2 equivalents 
of  water  less.  (C2<  H2i  021— 2HO  = C2^Hl0Oi».)  The 
quantity  of  protein  is  so  very  minute,  that  it  cannot  influ- 
ence the  result  of  the  analysis.  The  proportion  of  cellulose 
is  also  very  small. 

This  tissue,  therefore,  has  been  produced  from  cellulose  by 
the  loss  of  the  elements  of  water.  In  that  of  Iris,  however,  a 
trace  of  cellulose  has  still  been  left.  (Fig.  83.) 

• Soheiknnd.  Onderi.,  Deel  III. 
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The  seeds  of  Phytelephas,  which  exhibited  a much  less 
distinct  blue  reaction  than  pure  cellulose  does,  contain  still 
another  substance,  different  from  cellulose  in  properties,  but 
not  in  composition.  (See  Von  Baumhauer  in  Scbeikund. 
Onderz.,  Deel  II.  and  Deel  III.) 

The  substance  by  which  the  cell-wall  in  Hoya  camosa  is 
incrusted,  seems  to  be  an  intimate  mixture  of  cellulose  with 
what  we  have  called  iflUmudiaU  ligtuotu  maUer.  The  latter 
is  a product  of  the  contents  of  the  cell,  and  in  Hoya  car- 
nosa  is  intimately  interwoven  with  the  layer  of  cellulose,  but 
in  the  woody  cells,  properly  so  called,  is  transuded  throu^ 
this  layer.  In  both  of  them,  however,  the  contents  of  the 
cells,  by  transmission  through  the  layer  of  cellulose,  first 
give  rise  to  the  production  of  a peculiar  little  wall,  which  is 
not  dissolved  in  strong  sulphuric  acid ; this  is  the  membrane 
of  the  woody  cella  (Harting  and  Mulder.)  (See  further, 
Ligneoru  CelU.) 


N.  The  Sap  Veeuh. 

Plants  contain  a peculiar  series  of  vessels  which  are  the 
conveyers  of  fluids,  and  which,  in  vascular  plants,  often  attain 
to  a considerable  length.  They  are  called  milk  or  tap  vetteU 
It.  is  known  that  their  structure  differs  from  that  of  all  the 
other  vessels  and  cells  in  plants.  When  young,  they  consist  of 
thin  walls,  which  grow  thicker  with  the  age  of  the  plant 
These  vessels  are  most  frequently  cylindrical,  have  mutnal 
communication  by  lateral  anastomoses,  run  parallel  to  each 
other  in  the  stems,  and  in  the  leaves  form  a kind  of  rami- 
fications which  open  into,  or  anastomose  with  each  other, 
though  by  no  means  to  be  compared  in  this  respect  with  the 
blood-vessels  in  animals  They  exhibit  no  power  of  contrac- 
tion, and  we  are,  as  yet,  unacquainted  both  with  their  com- 
mencement and  with  their  termination.* 

It  is  considered  as  an  observed  fact  that  these  vessels, 
when  advancing  in  age,  acquire  transverse  partition  wails 

* Set  llejren,  SeereUont-organe  der  Pfianieo,  S.  SS. 
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at  small  intervals,  which  deprive  them  of  their  function  of 
carrying  fluids,  and  give  them  the  appearance  of  elongated 
cells.  I cannot  decide  this  point 

It  is  probable  that  they  are  formed  from  adjoining  cells  in 
which  the  intervening  walls  have  been  absorbed  at  the  point 
of  contact. 

The  sap-vessels  undoubtedly  perform  an  important  func- 
tion, though  its  exact  nature  is  still  the  subject  of  much  dis- 
cussion. In  general  the  cells  of  plants  can  give  passage 
through  their  walls  only  to  a clear  transparent  liquid ; for 
these  walls  are  the  finest  filters  that  are  known.  (See  p.  211.) 
The  liquid  that  passes  from  one  cell  into  another, — that  is, 
through  two  of  these  filters — cannot  hold  any  particles  in  sus- 
pension. Much  less  can  this  be  the  case  with  the  liquid  that 
has  ascended  endosmotically  through  an  innumerable  multi- 
tude of  cell-walls,  excepting  in  the  case  of  those  cells  in 
which  pores  do  really  exist  (see  p.  403),  which,  perhaps, 
occur  much  more  frequently  than  is  yet  supposed,  though 
such  pores  must  be  very  minute,  and  by  no  means  capable  of 
giving  passage  to  coarser  particles.  Hence  it  follows,  that 
into  no  cell  can  any  solid  body  be  introduced,  nor  can  any  be 
removed  from  it,  except  in  a state  of  solution,  with  the  sin- 
gle exception  of  those  cells,  whose  walls  do  actually  contain 
pores  (p.  403). 

With  the  sap-vessels  the  case  is  entirely  different  Al- 
though their  internal  bore  is  much  smaller  than  that  of  the 
spiral  vessels,  yet  it  is  an  open  canal  through  which  turbid 
fluids,  such  as  hold  small  solid  particles  in  suspension,  may 
ascend.  In  most  cases  the  contents  of  these  sap-vessels  are 
not  clear,  whence  they  are  sometimes  called  milk-tmelt,  and 
the  small  bodies  that  are  floating  in  the  liquid,  globules  of 
the  lactic  juice.  It  is  self-evident,  however,  that  this  fluid  is 
of  an  entirely  different  nature  from  the  animal  fluid  to  which 
the  same  name  is  given.  (See  Vegetable  Juices.) 

The  milk  vessels  {Vasa  laticis,)  of  which  we  shall  treat 
here  in  combination  with  the  lactiferous  cells  of  the  bark, 
consist  principally  of  pure  cellulose. 

As  regards  the  latter,  we  observed  it  become  blue  under  the 
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action  of  iodine  and  sulphuric  acid,  when  taken  from  a second 
internode  fiom  the  top  in  Hoya  camosa.  (Fig.  1,  B d.) 

Those  of  Asclepias  syriaca,  where  lactiferous  fibrous  cells 
of  the  bark  occur,  axe  found  to  turn  blue,  and  to  exhibit 
concentric  layers  under  the  action  of  iodine  and  sulphuric 
acid,  (fig  15.)  Those  found  in  the  pith  of  this  plant,  which 
convey  much  lactic  juice,  exhibit  the  same  phenomena  with 
these  reagenta 

The  former,  we  have  been  able  to  examine  thoroughly  in 
Euphorbia  caput-medusas,  (fig.  66,)  where  they  form  a ring 
round  the  woody  bundles,  and  are  also  scattered  through 
the  parenchymatic  layer  of  the  epidermis.  On  a transverse 
section  these  vam  latieis  present  very  thick  walls,  which  can 
also  be  most  distinctly  seen  on  the  longitudinal  section.  By 
the  action  of  iodine  and  sulphuric  acid  these  vessels  be- 
come rapidly  of  a very  dark  blue, — much  sooner  than 
the  neighbouring  ligneous  cells,  wliich  also  assume  a fine 
blue  colour,  (fig.  67.)  On  the  transverse  section  of  the 
lactiferous  vessels  coloured  in  this  manner,  a dark  blue  sub- 
stance is  to  be  seen,  which  lightens  in  tint  from  the  centre 
towards  the  circumference,  and  around  which  we  find  a 
bluish  white  rim,  a thin  brown  layer,  and  beyond  that  a 
white  rim  again  (the  last  due  to  an  empty  space)  which 
touches  the  parenchymatic  cell,  (fig.  68.)  We  see  from 
these  phenomena,  which  appear  immediately  afrer  the  action  • 
of  the  reagents,  that  this  lactiferous  vessel  contains  two  dif- 
ferent substances,  of  which  the  exterior  becomes  pale,  the 
interior  intense  blue,  and  that  these  two  radiate  into  each 
other.  The  transverse  section,  also,  even  before  it  is  coloured, 
presents  distinctly  radiated  lines  indicative  of  the  insensible 
intermixture  of  these  diflPerent  substances.  The  clear  rim 
around  the  whole  is  simply  due  to  empty  space. 

The  truth  of  the  latter  statement  is  proved  by  moisten- 
ing it  with  strong  nitric  acid.  This  causes  the  lactiferous 
vessels  to  swell  very  much,  as  may  be  seen  on  the  transverse 
section,  whilst  both  the  aperture  and  the  clear  rim  around 
the  whole  disai)pcar.  In  this  state  also  the  radiating  divi- 
sion of  the  substances  composing  the  wall  is  rendered  dis- 
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tinctly  visible.  By  the  subsequent  addition  of  an  excess  of 
ammonia  they  are  not  coloured  yellow,  any  more  than  by 
nitric  acid  alone,  but  remain  colourless. 

By  strong  potash  they  are  affected  in  the  same  manner  as 
by  nitric  acid  ; they  become  very  much  swollen,  the  passage 
and  the  exterior  light  rim  disappear,  but  concentric  layers 
are  made  visible 

We  have  further  investigated  the  nature  of  these  vessels  on 
a longitudinal  section.  By  the  action  of  iodine  alone  the  con- 
tents become  dark  brown  and  granular,  the  wall  light  yellow. 
By  the  subsequent  addition  of  sulphuric  acid  (4  parts  to  1 of  wa- 
ter), the  vessels  immediately  become  of  a very  intense  blue,'and 
there  appears  around  the  outermost  circumference  a very  thin 
granular  membrane  of  a dark  brown  colour,  having  a thick- 
ness of  from  0.0005  to  0.0007  of  a millemeter  (fig.  68). 
(Halting  and  Mulder.) 

The  lactiferous  vessels,  therefore,  contain  three  different 
substances ; the  innermost  layer  is  cellulose ; around  this 
lies  another,  which  becomes  much  swollen  when  acted  on 
by  potash  and  by  nitric  acid  (pectose  ?) ; and  then  an  outer- 
most, exceedingly  thin  layer  of  a substance,  which,  as  far  as 
can  be  deduced  from  the  few  properties  yet  observed,  is 
analogous  to  the  exterior  layer  of  the  ligneous  cells. 

O.  The  Chemical  Character  of  the  Elementary  Conetituente  of 
the  Stem  in  Dicotyledonous  Plants. 

As  our  observations  have  been  principally  directed  to  the 
elementary  tissues  of  dicotyledonous  plants,  we  shall  exa- 
mine somewhat  more  closely  the  elementary  parts  of  these 
plants  in  the  order  in  which  they  occur,  and  treat  at  the  same 
time  of  those  of  the  few  monocotyledonous  plants,  which 
we  examined,  when  their  corresponding  tissues  are  under 
consideration. 


P.  Medullary  Cells. 

The  medullary  cells  differ  considerably,  not  only  from 
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other  elementary  tissues,  but  also  from  one  another  in  the 
same  plant.  Along  with  them  I shall  treat  of  the  cells  of 
the  medullary  rays. 

The  medullary  cells  in  Mamillaria  pusilla  undergo  no 
change  of  colour  by  the  action  of  nitric  acid  and  ammonia, 
but  when  treated  with  iodine  and  sulphuric  acid  (4  parts  to  1 
of  water),  they  instantly  become  blue.  The  cells  of  the  me- 
dullary rays  are  not  affected  by  a strong  solution  of  potash. 
In  the  medullary  cells  of  the  elder  tree,  on  the  contrary,  iodine 
with  sulphuric  acid  (4  parts  to  1 of  water)  produces  no  change 
of  colour  at  all,  even  in  those  of  the  youngest  intemode;  the 
substance,  therefore,  of  which  this  pith  consists  seems  to  be 
of  a peculiar  nature  Hence,  it  would  be  of  importance  to 
submit  it  again  to  an  accurate  elementary  analysis.  A trans- 
verse slice  of  a petiole  of  the  elder  tree,  again,  was  not  disco- 
loured in  the  pith  by  the  action  of  iodine  and  sulphuric  acid, 
(4  parts  to  1 of  water),  though  the  blue  colour  showed  itself  as 
soon  as  the  mono-hydrate  of  sulphuric  acid  was  added.  It 
would  appear,  therefore,  that  the  pith  of  the  elder  tree,  when 
very  young,  contains  cellulose,  which,  however,  is  soon  changed 
into  another  substance ; and  that  in  its  very  young  state  it  re- 
quires a stronger  sulphuric  acid  to  produce  the  same  reaction 
which  is  instantly  exhibited  under  the  influence  of  the  weaker 
acid,  by  the  stone  fruits  of  Phy  telephas.  The  walls  of  the  me- 
dullary cells  of  the  petiole,  just  mentioned,  were  exceedingly 
thin, — only  from  0.0003  to  0.0010  millemeter  in  thickness, — 
and  still  free  from  incrustation.  Those  of  the  same  intemode, 
which  did  not  become  blue,  had  a thickness  of  0.0004  to  0.001 2 
of  a millemeter,  that  is,  nearly  the  same  as  the  former.  This 
again  removes  every  doubt  that  either  transformation  or  sub- 
stitution of  the  cellulose  of  the  cell-wall  takes  place. 

The  medullary  cells  of  Hoya  carnosa  (fig.  1),  exhibit  a 
perceptible  diversity,  according  as  they  are  taken  from  diffe- 
rent internodea  In  the  very  youngest  alone  no  incrustation 
of  the  walls  can  be  perceived.  In  the  third  internode,  count- 
• ed  from  the  top,  a few  medullary  cells  with  inemsted  walls 
already  appear  amongst  the  others ; and  a greater  number  in 
the  sixth  internotle,  in  which  the  pits  or  may  be  very 
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distinctly  seen.  The  thinnest  wall,  existing  in  the  second  in- 
temode,  is  0.0009  of  a millemeter  in  thickness,  and  the  thickest 
0.0016  millemeter.  The  unincrusted  medullary  cells  in  the 
second  intemode  are  not  changed  in  colour  by  nitric  acid, 
but  present  internal  utricles,  which  instantly  become  of  a 
fine  blue,  when  iodine  and  sulphuric  acid  (4  parts  to  1 of 
water)  are  applied.  When  a little  concentrated  sulphiu-ic  acid 
is  put  upon  a dried  transverse  section,  the  medullary  cells  are 
seen  rapidly  to  dissolve. 

In  a section  of  the  fourth  intemode,  the  unincmsted  me- 
dullary cells  are  not  changed  by  nitric  acid ; but  the  in- 
crusted  cells  become  of  an  intense  yellow,  and  exhibit  concen- 
tric layers.  Their  colour  is  then  the  same  as  that  of  the 
ligneous  cells  of  Hoya,  when  exposed  to  the  action  of  the 
same  reagents.  After  ammonia  has  been  added,  they  both 
become  dark  yellow,  and  thus  appear  to  contain  an  equal 
quantity  of  protein  (fig.  1,  A i).  Under  the  action  of  iodine 
and  sulphuric  acid  the  unincrusted  medullary  cells  of  this 
fourth  intemode  become  inst^intly  blue,  whilst  those  that  are 
incmsted  do  not  give  a trace  of  that  colour,  but  exhibit  the 
yellow  colour  of  the  iodine  (fig.  1 , B A «).  This  remarkable 
fact  indicates  that  in  these  last  the  cellulose  has  been  entirely 
replaced  by  or  converted  into  other  substances.  Those  of  the 
seventh  intemode  give  the  same  reactions.  Under  a magni- 
fying power  of  280,  the  interior  face  of  the  brown  wall  of  the 
incmsted  medullary  cells,  which  have  been  acted  on  by  iodine 
and  sulphuric  acid,  is  seen  to  be  covered  with  a thin  green 
membrane,  consisting  of  cellulose,  but  interwoven  with  traces 
of  the  substance  which  constitutes  the  brown-coloured  incmst- 
ed wall.  Here  also,  therefore,  we  find  conclusive  proofs  of  a 
transudation  of  the  substances  that  incrust  the  wall  from 
the  inside  to  the  outside,  as  all  the  medullary  cells  before  their 
incmstation  consist  of  cellulose,  and  after  the  incmstation  the 
cellulose  is  found  inside. 

Strong  sulphuric  acid,  which  readily  dissolved  the  thin- 
walled  medullary  cells,  does  not  dissolve  the  incmsted  cells, 
but  merely  makes  them  swell  as  it  does  the  ligneous  cells. 
In  this  respect  also,  therefore,  there  is  a great  analogy  between 
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these  two  kinds  of  cella  The  medullary  cells  present  like- 
wise a large  number  of  concentric  layera 

The  partition-walls,  taken  from  a tolerably  old  intemode  of 
Phytolacca  decandra,  appear  to  consist  of  very  thin-walled 
cells ; consequently  they  are  in  the  very  youngest  state  of  de- 
velopment By  the  action  of  iodine  and  sulphuric  acid  they 
instantly  become  blue ; but  they  require  the  action  of  stronger 
sulphuric  acid  before  that  colour  becomes  dark.  In  other  in- 
temodes  of  Phytolacca  decandra,  where  medullary  cells  are 
found  with  and  without  pits  or  t'upfel,  these  reagents  act  in  a 
very  different  way.  The  former  remain  lemon-yellow,  whilst 
those  without  pits  become  of  a beautiful  blue. 

In  Asclepias  syriaca  all  the  medullary  cells  assume  a fine 
blue  colour  when  acted  on  by  iodine  and  sulphuric  acid  (fig. 
2,  e,  fig.  3). 

The  medullary  cells  of  Clematis  vitalba,  when  treated  with 
iodine  and  sulphuric  acid,  present  two  layers,  of  which  the 
interior  becomes  blue  and  the  exterior  yellow. 

The  medullary  cells  of  a biennial  branch  of  Tilia  parvi- 
folia,  when  treated  with  iodine  and  sulphuric  acid,  show  a yel- 
low rim  outside,  and  a blue  one  inside.  Here,  therefore,  two 
different  layers  exist  Pits  are  absent  Those  of  Taxus 
baccata,  even  in  the  older  parts  of  the  branches,  instantly  be- 
come blue  on  the  application  of  iodine  and  sulphuric  acid. 

The  medullary  cells  of  Pinus  sylvestris,  after  being  digest- 
ed for  two  days  with  strong  hydrochloric  acid,  turn  brown, 
and  in  some  places  violet.  This  indicates  most  distinctly 
the  presence  of  protein.  When  the  medullary  cells  of  Hoya 
carnosa  are  treated  in  the  same  way,  those  with  thin  walls 
remain  colourless,  whilst  the  thick-waUed  assume  a violet 
colour.  Each  of  the  former  contains  an  internal  utriclo 
Finally,  in  those  of  Tilia  parvifolia  taken  from  a young 
branch,  the  contents  become  violet  by  the  action  of  these  re- 
agents, but  the  wall  itself  remains  colourless,  whilst  in  an 
annual  branch  of  Gematis  vitalba  the  whole  of  the  medullary 
cells  remain  colourless.  (Hurting  and  Mulder.) 

These  observations,  therefore,  show  that  the  medullary 
cells  contain  very  different  substances ; when  young,  they 
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consist  entirely  of  cellulose,  Yrhilst  those  which  are  in- 
crosted — which  takes  place  externally, — possess  an  exterior 
layer  of  intermediate  woody  matter  (mixed  with  protein) 
without  the  additional  inclosing  layer  which  is  found  in  the 
ligneous  cells.  In  this  respect,  therefore,  the  incrusted  me- 
dullary cells  differ  from  these  latter.  Those  of  the  elder  tree 
are  of  a peculiar  nature ; whilst  in  Phytolacca  we  shall  find 
that  another  substance  is  intermixed  with  cellulose. 

The  chemical  nature  of  the  pith  cannot,  therefore,  be  truly 
represented  under  any  general  formula ; and  yet  this  has  been 
attempted. 

Schaffher  has  analysed  the  pith  of  plants.  (Ann.  der 
Chem.  und  Pharm.,  April,  1844,  p.  148.)  He  had  taken 
it  from  different  plants  in  the  commencement  of  August,  and 
exhausted  it  with  water,  alcohol,  and  ether.  He  found  no 
nitrogen  in  any  of  his  specimena  His  results  were  as  fol- 
lows ; — 


Pith  of  the  Elder 

Pith  of 

Pith  of  the 

tree  dried  st  212* 
in  the  mter  hath. 

Lappa  miyor 
(Bardana.) 

Sun-flower. 

c 

43.85 

45.45 

44.90 

H 

6:40 

6.13 

6.60 

0 

49.76 

48.42 

48.60 

Of  the  Elder  tree  Of  Bardarm 

dried  at  802*.  dried  at  802*. 


C 47.80  48.10 

H 6.00  5.96 

0 46.20  45.95 


From  these  analyses  he  concludes,  that  the  pith  of  plants  con- 
sists of  carbon  and  water,  like  starch  and  the  fibres  of  wood ; 
but  these  fibres  are  compound  organa 

It  is  imposible,  besides,  that  these  analyses  should  be  cor- 
rect ; for  if  we  compare  the  results  obtained  from  the  pith  of 
the  Elder  and  Bardana,  dried  at  212°,  with  those  from  the 
same  pith  dried  at  302°,  they  do  not  agree 

From  the  pith  of  the  elder  tree  we  have  obtained  a very 
different  result.  Taken  in  August  from  the  second  and 
from  the  fourth  internode,  counted  from  the  top,  digested 
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with  water,  alcohol,  and  ether,  and  dried  at  302®,  the  re- 
sults were : — 

2d  lutemode.  4th  Intemode. 

C 49.40  49.17 

H 6.05  5.97 

0 44.55  44.86* 

The  ash  amounted  to  about  2 per  cent  We  learn  from 
these  results  that  the  pith  of  the  elder  tree  in  a somewhat 
advanced  state  of  growth  (see  p.  442),  is  not  one  of  the  sub- 
stances which  consist  of  carbon,  and  of  oxygen  and  hydrogen 
in  the  proportions  to  form  water.  It  deserves  a further  in- 
vestigation, and  the  more  so,  because  it  is  a simple  tissue. 

The  composition  of  the  partition- walls,  however  (the  young 
tissue  of  Phytolacca  decandra,  of  which  we  mentioned  the 
reaction  before),  has  been  found  to  agree  with  the  formula 
C24  JJ19  019.  After  being  digested  in  water,  alcohol,  and 
ether,  and  dried  at  284°,  they  gave : — 


c 

46.19 

46.57 

Atoma. 

24 

CalcnUted. 

46.14 

H 

6.04 

5.98 

19 

5.98 

0 

47.77 

47.45 

19 

47.88* 

They  contained  two  per  cent  of  ash.  This  result  shows  that 
although  they  still  belong  to  those  substances  which  become 
blue  by  the  action  of  iodine  and  sulphuric  acid,  the  strength 
of  the  acid  which  is  necessary  to  produce  this  change,  is  in 
proportion  to  the  changes  which  they  have  already  under- 
gone. It  is  no  longer  simply  cellulose,  but  approaches  in 
composition  to  the  tissue  of  the  seeds  of  Iria  (See  p.  438.) 

It  is,  therefore,  far  from  true,  that  pith  must  be  cona- 
dered  as  one  homogeneous  tissue,  which  Schaffner  appears 
to  do.  A mere  microscopical  examination  of  the  pith  of 
the  elder  tree,  appears  to  be  sulheient  to  show  that  such  a 
view  is  untenable. 

Q.  L%gneou$  CelU. 

The  ligneous  or  woody  cells  are  so  important,  that  they 
* Sebeikuad.  Ondtn.,  DmI  III. 
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deserve  special  and  detailed  examination.  Having  subjected 
them  to  the  action  of  various  reagents,  we  believe  we  have 
been  thus  led  to  discoveries  regarding  them,  which  could  not 
have  been  made  in  any  other  way.  I shall  begin  by  de- 
tailing these  reactions. 

The  woody  cells  of  the  Pinus  larix,  taken  from  a branch 
with  four  annual  rings,  exhibit,  on  their  transverse  section, 
when  moistened  with  iodine  and  sulphuric  acid  (4  parts  acid 
to  1 of  water),  different  reactions  according  to  the  age  of  the 
ring.  In  the  innermost  ring  they  present,  on  the  transverse 
section,  a thick  swollen  layer  of  a greenish  yellow  colour,  sur- 
rounded by  a brown  rim.  The  ligneous  cells  which  belong  to 
the  youngest  or  outermost  layer  present  internally  a blue  film,  ' 
around  this  a broad  (swollen)  rim  of  a greenish  blue  colour, 
and  finally,  a brown  rim  externally.  On  the  longitudinal 
section  they  are  green  in  the  middle,  and  brownish  yellow 
on  the  edges.  (Fig.  20  and  21.)  In  Tilia  parvifolia  (fig. 

22,  23,  and  2.5),  there  is  a thin  brown  layer  (utricle  ?)  in  the 
middle, — a pale  blue  rim  immediately  around  it,  and  a brown 
one  outside  ; thus,  there  are  only  two  layers  besides  the  utri- 
cle. After  half  an  hour  the  blue  colour  has  disappeared,  and 
is  replaced  by  a brown  one,  which  commences  from  without, 
and  leaves  a cross  in  the  centre  which  is  blue,  and  contains 
a small  brown  nucleus.  Nearly  the  same  phenomena  are 
seen  in  the  ligneous  cells  of  the  full-grown  intemodes  of 
a one  year’s  branch  of  a linden  tree.  In  the  spiral  cells  of 
the  wood  both  the  interior  wall  and  the  spire  itself  become 
blue.  These  spiral  cells  are  scattered  between  the  ligneous 
cells.  In  older  wood  these  walls  become  brown,  by  the  ac- 
tion of  iodine  and  sulphuric  acid,  agreeing  in  this  respect 
with  the  exterior  layer  of  the  ligneous  cells  (fig.  23). 

The  ligneous  cells  of  Sambucus  nigra,  in  a branch  of  this 
year,  are  coloured  dark  yellow  by  nitric  acid,  and  become 
still  darker  on  the  addition  of  ammonia  In  those  of  Ascle- 
pias  syriaca  (fig.  2),  after  being  moistened  with  iodine  and 
sulphuric  acid,  we  observed  around  the  woody  cells  a brown 
layer  followed  by  a green  one,  and  a blue  one  inside.  The 
cells  of  the  medullary  rays  appear  green  at  the  place  where 
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they  are  cut  through,  (a,)  and  blue  where  they  are  open. 
Here,  therefore,  we  have  also  a double  layer,  of  which  the 
interior  is  cellulose,  but  the  exterior  a peculiar  substance 
exhibiting  the  same  reaction  that  we  observed  in  the  ex- 
terior layer  of  the  scaliform  vessels  (p.  482).  The  ligne- 
ous cells  of  a very  young  intemode  become  entirely  blue  by 
the  same  reagents,  without  exhibiting  any  other  substance  ex- 
cept an  internal  utricle  We  perceive  nothing  of  an  int^u- 
ment  of  the  cell-wall  turning  brown,  which,  therefore,  is  un- 
doubtedly produced  from  cellulose  after  the  formation  of  the 
first  cellular  membrane  (fig.  6).  The  blue  colour  which  the 
substances  that  constitute  the  inside  of  older  ligneous  cells 
assume,  also  proves  that  other  substances  transude  tknm^ 
the  cell-wall ; and,  therefore,  the  latter  must  be  a primary 
product  consisting  of  cellulose 

In  a young  internode  of  Phytolacca  decandra,  we  also  ob- 
served that  the  whole  transverse  section  of  the  ligneous  cells 
becomes  blue,  and  is  readily  dissolved  by  sulphuric  acid,  after 
being  previously  moistened  with  iodine  In  an  older  intemode 
the  reactions  are  quite  different  Here  the  transverse  section 
presents  four  layers ; first,  a thin  brown  integument,  which  is 
sharply  defined,  on  the  outside,  then  follows  a green  swollen 
rim,  after  this  a blue  rim  not  distinctly  separated  from  the 
former,  and  lastly  a very  thin  brown  rim  on  the  inside.  The 
latter  we  recognise  as  the  internal  utricle ; and  thus  we  find 
here  again  the  same  substances,  three  in  number,  that  isL  one 
more — the  green  one — than  in  the  punctated  vessels.  It 
would  appear,  therefore,  again,  that  this  layer  and  the  brown 
one  are  formed  at  the  outside  of  the  cell-wall,  and  are  real 
incrustations,  because  the  young  ligneous  cells  present  only 
a layer  of  cellulose,  and  the  internal  utricle 

Thin  fragments  of  ligneous  cells,  when  moistened  with 
strong  hydrochloric  acid  under  cover,'  but  with  presence  of 
air,  for  48  hours,  invariably  assume  the  violet  colour  indicative 
of  the  presence  of  protein.  Instances  of  this  are  given  in  fig. 
24,  repre.senting  slices  of  a biennial  branch  of  Clematis  vitalba. 
and  Tilia  parvifolia.  In  Hoya  caraosa  the  change  of  colour  had 
proceeded  farther,  the  violet  matter  of  Bourdois  and  Caventon 
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having  been  converted  into  humic  acid.  The  youngest  ligneous 
cells,  however,  had  remained  colourless,  which  shows  that  the 
albuminous  matter  is  deposited  there  at  a later  period.  In 
Pinus  sylvestris  the  violet  colour  was  very  intense  (fig  17). 

When  ligneous  cells  are  digested  for  24  hours  with  a strong 
solution  of  potash  at  140°  Fahr.,  they  become  much  swollen 
and  are  coloured  more  or  less  yellow  or  brown ; such  is  the 
case  with  those  of  Pinus  sylvestris  and  Hoya  camosa. 

In  a young  intemode  of  Clematis  vitalba,  the  whole  of  the 
young  ligneous  cell,  in  which  not  a trace  of  incrustation  has 
yet  been  found,  is  seen  to  become  blue  by  the  action  of 
iodine  and  sulphuric  acid  (4  parts  acid  to  1 of  water),  without 
exhibiting  even  a trace  of  an  exterior  brown  layer  (fig.  30). 
This  brown  layer  is  present,  however,  in  an  older  intemode, 
and  coated  directly  on  the  inside  with  a layer  of  cellulose,  no 
intermediate  woody  matter  being  present  The  latter,  there- 
fore, is  subsequently  secreted,  in  the  third  period  of  develop- 
ment, between  the  two  former,  the  cuticle  of  the  ligneous  cells 
being  deposited  around  the  layer  of  cellulose  in  the  second 
period.  Both  these  substances  are  necessarily  produced  &om 
substances  existing  in  the  contents  of  the  cells,  and  secreted 
through  the  walls  of  the  cellular  layer ; and  thus  it  is  un- 
questionably proved  that  this  kind  of  ligneous  cell  is  in- 
crusted  externally. 

We  have  examined  by  different  reagents  the  short  ligneous 
cells  of  Clematis  vitalba  in  a branch  of  two  years  old ; they  were 
completely  developed  (fig  31-37).  When  treated  with  iodine 
and  sulphuric  acid,  they  present  three  different  walls : an  in- 
terior one,  which  becomes  blue ; an  exterior"  one,  brownish 
yellow;  and  an  intermediate  one,  yellowish  white.  They  are 
distinctly  visible  both  on  the  transverse  and  on  the  longitudi- 
nal sectiona  On  the  transverse  section  the  interior  layer  of 
cellulose  is  seen,  of  » pale  green  colour  ; aroimd  this  a swol- 
len rim,  which,  especially  when  strong  sulphuric  acid  is  used, 
exhibits  five  or  more  concentric  layers,  of  which  the  exte- 
rior ones  are  brownish,  whilst  the  colour  of  the  interior  passes 
insensibly  into  that  of  the  blue  internal  membrane.  These 
are  surrounded  on  the  outside  with  a thin  brown  layer  (fig 
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36).  The  transverse  section  of  a full  grown  intemode  of  a 
branch  of  a year  old  exhibits  only  the  layer  of  cells  that  be- 
come brown,  which  immediately  adjoins  the  light  blue  layer 
of  cellulose  (fig.  31,  32,  33,  34).  As  the  older  branch  con- 
tains, between  these  two,  five  other  layers,  consisting  of  a sub- 
stance different  from  both,  these  must  have  been  deposited 
between  them  at  a later  period. 

The  pits  which  are  present  in  these  ligneous  cells  of  Cle- 
matis, when  fully  developed,  as  well  as  those  found  in  the 
medullary  cells,  belong  to  the  two  interior  series,  viz.,  the 
layer  of  cellulose  and  that  of  the  intermediate  woody  matter, 
the  third  or  exterior  layer  of  the  ligneous  cells  not  being 
perforated.  In  the  porous  vessels,  on  the  contrary,  the  ex- 
terior layer  is  perforated. 

In  a branch  of  two  years  old,  the  cells  of  the  medullary 
rays  become  instantly  blue  by  the  action  of  iodine  and  sul- 
phuric acid. 

The  ligneous  cells  in  Taxus  baccata  are  coloured  by  iodine 
and  sulphuric  acid  in  the  following  manner : — the  transverse 
section  presents  an  external  yellow  rim,  beneath  which  is  a fine 
blue  followed  up  by  spiral  convolutions  (fig.  19).  Strong  nitric 
acid  makes  the  intermediate  wall  swell,  and  on  the  subse- 
quent addition  of  an  excess  of  ammonia  this  wall  becomes 
of  so  dark  a yellow  colour,  that  no  difference  can  any  longer 
be  perceived  between  the  three  layers.  Strong  sulphuric  acid 
alone  makes  all  three  swell,  but  the  intermediate  one  most, — 
so  much  so  that  it  breaks  through  the  exterior  layer ; and 
finally,  this  intermediate  layer  is  dissolved  whilst  the  two 
others  are  left.  (Halting  and  Mulder.) 

Prom  all  these  observations  it  is  evident,  that  the  interior 
layer  of  the  full  grown  ligneous  cells  is  cellulose, — that  around 
this  a peculiar  substance  exists,  interwoven  with  protein ; 
whilst  this  again  is  inclosed  by  a third  layer,  of  which  the 
chemical  nature  differs  from  that  of  the  others. 

The  Cambium  cells,  whose  walls,  according  to  Mohl,  are  a 
continuation  of  the  exterior  layer  of  the  ligneous  cells,  and 
which  should  be  considered  as  young  cells  of  the  latter  kind,  are 
affected  by  iodine  and  sulphuric  acid  in  an  entirely  different 
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wAj.  Tho«e  of  Pimis  sylvestris  (fig.  16,  a),  became  of  a fine 
blue,  whilst  the  exterior  layer  of  the  developed  woody  cells 
becomes  brown  as  usual  (5).  The  cambium  cells,  therefore,  ap- 
pear to  consist  entirely  of  cellulose ; and,  therefore,  they  not 
only  have  nothing  in  common  with  the  exterior  layer  of  the  lig- 
neous cells,  but  cambium,  as  long  as  it  is  unaltered,  ought  to 
bear  a separate  name.  Not  a trace  of  distinct  layers  is  to 
be  seen.  We  feel  the  more  obliged  to  distinguish  these  cells 
from  the  real  ligneous  cells,  because  in  Pinus  the  latter  swell 
under  the  action  of  the  reagents  employed,  so  as  to  make  the 
exterior  layer  burst,  whilst  the  interior  layers  appear  to  con- 
tain but  very  little  cellulose  We  observe  internally  only  a 
cruciform  substance  (remains  of  the  internal  utricle  ?)  (fig. 
16,  b),  and  an  expanded  lead-coloured  layer.  If,  therefore, 
in  Pinus  the  cambium  is  converted  into  ligneous  cells,  the 
greater  part  of  the  cellulose  must  be  replaced  by  another 
substance,  and  this  again  surrounded  by  others.  There  is, 
therefore,  a marked  difference  between  the  structure  of  de- 
veloped ligneous  cells  and  that  of  cambium  cells.  Subse- 
quently, however,  the  latter  are  converted  into  the  former  ; 
and  in  this  sense  they  may  also  bear  the  name  of  young  lig- 
neous cella 

From  what  has  been  said  before  (p.  204)  it  followed,  that, 
starting  from  the  hard  stony  fruits,  we  may  assume  the  for- 
mula 039,  as  representing  the  composition  of  the 

woody  matter  in  a mass — that  is,  taking  everything  collec- 
tively that  belongs  to  the  ligneous  cells,  and  leaving  out  of 
view  the  small  quantity  of  nitrogen  contained  in  it  If  from 
this  we  subtract  the  formula  of  cellulose,  O^i,  the  re- 

maining formula  for  the  incrusting  matter  isC^OHZSQiS^  which, 
according  to  the  observations  just  mentioned,  represents  the 
composition  of  two  substances,  viz.,  of  the  exterior  layer  of 
tkelifftieoue  celU,  and  of  their  intermediate  or  real  incruetiny 
teallt,  which  internally  passes  into  the  third  layer,  that  of  eel- 
lulose.  The  internal  utricle  being  so  extremely  thin,  can 
have  no  influence  on  the  result  of  the  analysis. 

The  substances  consisting  of  0*8,  deserve  to  be  par 

ticularly  considered  here,  because  Payen  has  on  this  subject 
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published  observations  (in  his  Mdmoires  sur  les  D^veloppe- 
mens  des  Vdgdtaux,  p.  263),  which  are  at  variance  with 
the  experiments  of  Frombeig  ;*  and  because  the  formation  of 
wood  has  such  an  important  influence  on  the  functions  of 
plants. 

I have  taken  the  composition  of  the  hard  stone  fruits  as 
the  basis  of  that  of  wood,  because  these  fruits  contain  the 
woody  matter  in  its  highest  state  of  condensation.  The  ana- 
lyses by  K H.  von  Baumhauer,  from  which  this  result  has 
been  obtained,  embraced  the  pericarps  of  Cocos  nucifera, 
Cocos  lapidea,  Amygdalus  persica,  and  Juglans  regia.-f- 

Payen  has  arrived  at  the  same  results  from  the  investigation 
of  hard  kinds  of  wood,  and  the  hard  matter  of  pears.^ 

Now,  as  it  is  established  that  the  interior  wall  of  the  in- 
crusted  ligneous  cells  is  a permanent  one,  and  originally  con- 
sists of  cellulose,  since  it  remains  behind  after  the  action 

* Scheikund.  Ouderz.,  D.  II.,  p.  222. 

+ Scheikund.  Ondert,  D.  II.,  p.  208. 


Cocos  nucifers: 

Cocos  lapidea. 

I. 

U. 

C 

62.99 

62.27 

62.16 

H 

6.88 

6.87 

6.73 

0 

41.13 

41.86 

41.12 

Amjgdslus  Psisica  extracted  with  a stronc 

•olution  of  potash. 

I. 

II. 

III. 

C 

62.20 

62.05 

52.21 

H 

6.83 

6.92 

6.10 

0 

41.97 

42.03 

41.69 

Joj^lans  regia. 

I- 

II. 

III. 

Atoms. 

Calculated. 

c 

62.17 

62.13 

52.36 

64 

62.38 

II 

6.97 

6.99 

6.76 

44 

6.88 

0 

41.86 

41.88 

41.88 

39 

41.74 

Hte.  quoted,  eur  les  IMveloppemens  des  Vdgdtsux,  p.  260  sad  267. 

Wood  of  Ebony  from 

Hard  matter  in  Pears. 

8t.  Lucius. 

Madagascar. 

I. 

11. 

m. 

C 

62.90 

62.86 

62.04 

62.97 

62.61 

11 

6.07 

6.00 

6.21 

6.22 

6.67(1) 

0 

41.03 

41.15 

41.76 

40.81 

41.72 
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of  potash,*  we  have  great  reason — hard  woods  and  stone- 
fruits  being  so  constant  in  their  composition — to  assume  the 
empirical  formula  of  hard  wood  as  given  before  (p.  204), 
riz,  0^^,  and  to  represent  the  snm  of  the  middle  and 

exterior  layers  by  the  formula  C<0  H23  0^8,  being  the  former, 
less  the  formula  of  cellulosa 

The  other  less  hard  woods,  however,  are  also  worthy  of 
consideration.  They  might  contain  a different  incrusting 
matter,  or  the  same  matter  and  cellulose  together  in  a diffe- 
rent proportion.  They  contain  cellulose,  as  has  been  shown 
by  Payen  and  Von  Baumhauer.  The  latter  foimd,  that  when 
the  woods  of  the  laburnum,  the  elm,  and  the  tulip  tree, 
(Cytisus  laburnum,  Ulmus  campestris,  and  Liriodendron 
talipifers^)  were  treated  with  chlorine  and  then  with  po- 
tash, cellulose  was  left  behind.-f-  But  the  composition  of 
the  wood  itself  differs  considerably  from  that  of  the  hard 
woods,^  and  is  even  such  that  one  would  suppose  the  incrust- 
ing matter  it  contains  to  be  different  from  that  of  the  hard 
wooda  This  composition  is  also  far  from  being  constant ; 
the  proportion  of  carbon  being  smaller  as  compared  with  the 
hard  wooda  Thus  the  formula  for  the  wood  of  Cytisus  la- 
burnum and  Ulmus  campestris  is — 


* Von  Baombaner  found  the  following  compoeition  for  Cocos  nncifera, 
after  being  treated  with  potash  and  chlorine  (Scheikund.  Onderz.,  Deel  II. 
^ 198). 


c 

43.72 

48.73 

Atoms. 

24 

Calculated. 

48.70 

H 

6.14 

6.08 

21 

6.25 

0 

50.14 

50.19 

21 

50.05 

t Scheiknnd.  Onderz.,  Deel  II.,  p.  205. 

Wood  of  Cytians  laburnum.  Elm  Tree  Wood.  Tulip  Wood. 
C 44.65  48.81  44.12 

H 6.09  6.03  6.11 

O 49.26  50.16  49.77 


t The  result,  obtained  by  Von  Baombaner  from  the  analysis  of  these  three 
kinds  of  wood,  after  being  exhausted  with  alcohol,  ether,  hydrochloric  acid. 


and  water,  was — 

Cytisus  laburnum. 
C 49.11 

H 5.97 

0 44.92 


Elm  Wood. 
49.52 
5.98 
44.50 


Tulip  Wood. 
47.76 
5.89 
46.85 
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C64  H*7  0«* 

which  differs  by  H3  0®  from  wood  of  the  harder  kinds.  The 
formula  representing  the  composition  of  the  wood  of  Lirio- 
dendron  tulipifera  is  C**  0*7, -f-  differing  from  that  of  the 

harder  kinds  of  wood  by  H*  O®. 

Here,  however,  we  must  bear  in  mind,  that  this  formula 
expresses  the  composition  of  a mixture  of  four  different  sub- 
stances, one  of  which,  albumen,  is  by  no  means  to  be  overlook- 
ed. In  proof  of  this,  we  need  only  to  take  saw- dust,  from  any 
kind  of  wood,  and  pour  upon  it  first  nitric  acid  and  then 
ammonia,  and  we  shall  invariably  obtain  an  orange-coloured 
jelly  (see  Scheikund.  Onderz.  Deel  IIL),  which  owes  its  in- 
tense colour  to  the  presence  of  xantho-proteate  of  ammonia 
The  above  formulae,  therefore,  represent  the  composition  of 
a very  variable  mixture  of  four  different  substances,  which, 
so  far  as  we  are  now  acquainted  with  them,  are  the  same  in 
all,  at  least  in  the  softer  kinds  of  wood.  In  full  grown  lig- 
neous cells,  the  exterior  layer,  after  having  acquired  a cer- 
tain thickness,  no  longer  increases  to  any  perceptible  amount ; 
the  interior  layer,  consisting  of  cellulose,  also  appears  to 
retain  its  original  extent ; but  the  intermediate  layer  con- 
tinues growing,  and  forces  the  inner  one  forward,  so  as  to 
diminish  the  aperture  of  the  cell  With  the  increase  of  the 
intermediate  layer  in  thickness,  the  proportion  of  protein, 
which  is  deposited  chiefly  in  this  layer,  also  increases 
The  relative  quantities  of  protein  and  intermediate  woody 
matter  are,  however,  not  the  same  in  different  kinds  of  wood, 
as  may  be  inferred  simply  from  the  change  of  colour  which 
various  kinds  of  saw-dust  undergo  under  the  influence  of 
nitric  acid  and  ammonia.  The  colour  of  fir  wood  becomes 
darker  than  that  of  oak  wood,  although  the  latter  contains 

* Atom*. 

C 64 

U 47 

0 45 

Atom*. 

C 64 

H 48 

O 47 
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much  more  of  the  intermediate  woody  matter  than  the  for- 
mer. 

Although,  therefore,  the  analyses  of  wood  that  have  been 
made  are  of  much  importance,  in  the  greater  part  of  them 
the  determination  of  the  nitrogen  is  wanting,  which  is  to 
indicate  the  proportion  of  protein  that  is  included,  if  not 
wholly,  at  least  for  the  greater  part,  in  the  intermediate 
layer.  The  determinations  of  the  composition  of  wood 
which  have  been  made  by  Chevandier  (Annalea  de  Ch.  et 
de  Phya,  Fevr.  1844,  p.  129),  are  the  only  ones  of  value  as 
r^ards  this  point  He  found,  as  we  have  mentioned  be- 
fore, in  different  sorts  of  wood,  an  equal  proportion  of 
carbon  and  hydrogen,  but  at  the  same  time  the  proportion 
of  nitrogen  varied  between  0.67  and  1.62  per  cent,  which  re- 
presents a quantity  of  protein  amounting  to  not  less  than 
from  1-24  to  1-11  of  the  wood  in  weight 

We  shall  take  one  of  Chevandier’s  analyses,  for  the  purpose 
of  calculating  from  it  the  ratio  between  the  atoms  of  carbon, 
hydrogen,  and  oxygen,  as  contained  in  the  mixture  of  the 
substance  of  the  exterior  layer  and  the  intermediate  woody 
matter.  We  shall  select  for  this  purpose  his  analysis  of 
Beech  wood,  p.  143 — the  equivalent  of  carbon  being  taken  at 
75,  that  of  hydrogen  at  12.5. 


Found. 

C 49.71 

H 6.98 

N 0.88 

0 43.43 


Proportion  of  atoms, 

6630 

4785 

5 

4343 


Considering  now  that  there  are  present  here  four  different 
substances,  viz. : protein,  cellulose,  exterior  woody  matter. 


and  intermediate  woody  matter,  we 

obtain — 

C 

H 

N 

0 

6630 

4785 

5 

4343 

Protein,  40 

31 

6 

12 

6590 

4764 

0 

4331 

Cellulose,  24 

21 

21 

6566 

4733 

4810 
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By  reducing  these  remainders  in  uniform  proportion,  we 
obtain  for  the  composition  of  the  exterior  and  intermediate 
woody  matters : — 

C 40 

H ' 29 

0 26 

Of  this  mixture  the  exterior  layer  may  constitute  from  l-5th  to 
1-lOth,  the  rest  is  the  woody  matter  with  which  the  cell-wall 
is  incrusted. 

I bring  these  details  forward,  less  as  purely  scientific  facts, 
than  for  the  purpose  of  pointing  out  the  impropriety  of  calling 
the  whole  substance  of  the  ligneous  cells  woody  matter,  and 
of  always  considering  carbon  and  water  as  the  sole  constitu- 
ents of  woody  fibre  (?) 

There  is  still  one  point,  however,  worthy  of  our  attentioa 
We  have  seen,  (p.  424)  that  the  composition  of  the  woody 
matter  of  the  spiral  threads,  freed  from  protein,  cellulose,  and 
the  exterior  layer  of  the  ligneous  cells,  is  C*®  0*®,  whilst 

the  formula  derived  from  Chevandier’s  experiments,  as  indi- 
cative of  the  composition  of  that  woody  matter  mixed  with 
the  substance  of  the  exterior  layer,  but  free  from  protein  and 
cellulose,  is  H2®  O^*.  These  results,  obtained  from  ex- 
periments of  two  entirely  distinct  parties,  deserve  attention, 
and  render  it  probable  that  the  intermediate  woody  matter 
and  that  of  the  exterior  layer  of  the  woody  cells  have  the 
same  composition  in  the  hundred  parts,  although  it  is  obvious 
that  the  former  may  be  a compound  body. 

This  result  has,  however,  been  obtained  only  from  the 
woody  matter  of  the  spiral  threads  of  Agave  and  the  Beech 
tree.  The  exterior  and  intermediate  layers  of  the  hard  stone 
fruits,  taken  together,  give,  as  we  have  seen,  a diflerent  re- 
' suit,  namely,  C®®  H®2  Qi® ; but  all  of  these  contain  ulmin,  to 
which  their  brownish  colour  is  owing.  I would,  therefore, 
be  inclined  to  state  at  present,  that  the  intemiediate  woody 
matter  is  not  a compound  body ; that  the  substance  of  the 
exterior  layer  of  the  ligneous  cells  is  isomeric  with  that  of 
the  intermediate  layer ; that  the  latter  is  in  excess  in  soft  or 
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joong  wood  ; that  both  in  the  hard  stone  fruits  and  in 
the  hard  woods  the  same  substance  is  present,  but  that  its 
composition  in  the  two  latter  differs  from  its  composition 
in  soft  wood,  by  a quantity  of  ulmin  which  the  former  con- 
tains. 

This  is  all  we  at  present  know  with  regard  to  the  woody 
matter.  The  subject  is  still  far  from  being  exhausted,  as  we 
may  see,  and  it  will  be  difficult  to  complete  the  investigation. 
Payen’s  experiments  have  brought  us  no  nearer  to  a correct 
knowledge  of  it ; they  have  only  made  it  more  complicated. 
Mere  products  of  decomposition  can  here  give  us  no  light 
whatever. 

What  we  have  now  said  may  be  looked  on  as  the  continu- 
ation of  the  views  given  at  p.  204,  which  were  written  before 
the  microscopical  investigations,  just  mentioned,  were  made. 
I shall  only  add  this  single  remark,  that  the  formation  of 
wood  from  dextrin  is  one  abundant  source  of  the  oxygen 
disengaged  by  planta  Thus  the  composition  of  the  woody 
matter  of  the  spiral  threads  of  Agave,  or  of  that  of  the 
exterior  and  intermediate.  layers  of  the  ligneous  cells,  as 
determined  by  Chevandier,  shows  that  the  conversion  of  4 
equivalents  of  dextrin  into  those  substances  must  give  rise  to 
the  disengagement  of  2 equivalents  of  oxygen. 


From  4 equivalents  of  dextrin,  ... 

Take  woody  matter,  ...  ...  C^oh28  028 

And  there  remains,  ...  ... 

From  this  take  12  equivalents  of  water, 

And  2 of  oxygen  are  left,  0^ 


The  quantity  of  oxygen  disengaged  is  greater  during  the 
formation  of  the  mixture  of  substances,  the  entire  formula  of 
which  we  derived  firom  the  hard  kinds  of  wood, — a mixture 
which  certainly  occurs  in  different  kinds  of  wood  in  greater 
or  less  proportion, — because  in  all  kinds  the  proportion  of 
hydrogen  is  tolerably  constant  (5.8 — 5.9 — 6.0),  while  that  of 
carbon  varies,  although  not  insensibly,  from  48  to  52.5  per 
cent. 

2 a 
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Prom  4 equivalents  of  dextrin,  ...  ... 

Take  1 equivalent  of  the  mixed  woody  matter,  H23  0^® 

H17  022 

And  17  equivalents  of  water,  ...  ...  Hi"  0^7 

And  5 of  oxygen  remain,  ...  ...  ...  0* 

The  formation  of  wood,  therefore,  gives  rise  to  a constant 
disengagement  of  oxygen  by  planta 

I shall  now  proceed  to  mention  Payen’s  experiments.  He 
thought  (see  his  Mdmoir,  p.  271),  that  he  should  be  able  to 
dissolve  the  incrusting  matters  from  wood  unchanged  by  a 
strong  ley  of  soda  or  potash — after  having  previously  exhaust- 
ed the  wood  with  water,  alcohol,  acid,  and  a weak  solution  of 
alkali.  lie  further  thought  he  should  precipitate  them  from  the 
alkaline  solution  by  hydrochloric  acid.  After  the  precipitate 
had  been  washed  with  water,  it  was  dried  and  exhausted 
with  alcohol.  The  alcohol  deposited  a powdery  substance, 
and  left  a similar  one  behind  on  evaporation.  The  alco- 
holic residue  was  exhausted  with  ether,  in  which  one  part 
dissolved,  whilst  another  part  remained  insoluble  By  am- 
monia it  was  also  separated  into  two  parts,  the  one  being 
soluble,  the  other  not.  He  distinguished  these  various  pro- 
ducts by  the  following  names : Lignose,  which  is  insoluble  in 
water,  alcohol,  ether,  and  ammonia,  but  soluble  in  potash  and 
soda  ;*  Lignone,  insoluble  in  water,  alcohol,  and  ether,  but 
soluble  in  ammonia,  potash,  and  soda;f  Lignin,  insoluble  in 
water  and  ether,  but  soluble  in  alcohol,  ammonia,  potash,  and 
soda  Lignireose,  which  is  sparingly  soluble  in  water,  but 
readily  soluble  in  alcohol,  ether,  ammonia,  potash,  and  soda. 

However  beautiful  this  may  appear,  it  is,  alas ! of  no  value- 
For,  in  the  first  place,  the  strong  alkaline  solution  with  which 
the  wood  is  treated,  dissolves  part  of  the  cellulose,  which  is 
precipitated  by  the  acid  ; and,  secondly,  we  have  to  deal  with 
a series  of  products  arising  from  the  action  of  the  alkali  on  the 

• C <6.10  t C 60.10  t C 62.25 

H 6.09  H 6.82  H 6.93 

0 47.81  0 44.08  O 31.82 
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incnisting  matter,  which  we  before  called  intermediate  woody 
matter,  whilst  it  is  likely  that  not  one  of  these  products  ex- 
ists as  such  in  the  wood  ; and  besides  there  are  found  amongst 
them  humic  substances  into  which  the  intermediate  woody 
matter  is  so  readily  converted. 

The  incorrectness  of  Payen’s  results,  at  least  of  the  conclu- 
sions which  he  has  drawn  from  his  experiments,  has  been 
most  evidently  proved  by  an  extensive  investigation  that  has 
been  made  by  Fromberg.* 

He  digested  elm  tree  wood  (Ulmus  campestris)  for  a num- 
ber of  days,  with  a very  weak  solution  of  potash  (5  parts  of 
caustic  potash  to  750  of  water) ; and  repeated  this  process  seve- 
ral times.  The  colour  of  the  liquids  was  always  brown,  proving 
that  a change  had  really  taken  place  in  the  organic  matter. 
From  each  of  the  solutions  successively  obtained,  he  threw 
down  a precipitate  by  acids,  which,  having  been  digested 
with  alcohol  and  ether,  varied  in  composition  between — 

C 64.12  and  C 67.83 

H 6.15  H 5.93 

0 29.73  0 36.24 

The  wood  left  behind,  after  being  so  treated  for  a great 
many  days,  gave — 

C 50.10 

H 6.17 

0 43.73 

— that  is,  nearly  the  original  composition  unchanged.  The 
wood  was  afterwards  digested  repeatedly,  each  time  for  several 
days,  with  a stronger  solution  of  potash  ( 10  parts  to  750  of  wa- 
ter) j the  liquid  was  now  less  dark  in  colour  than  the  weaker 
solution  formerly  employed.  By  the  addition  of  an  acid  a preci- 
pitate could  be  again  obtained  from  this  liquid.  By  increas- 
ing the  proportions  of  potash,  Fromberg  obtained  precipitates 
which  were  now  more  gelatinous  and  far  less  deeply  coloured, 
and  which  gave,  after  being  digested  with  alcohol,  composi- 
tions, varying  between — 

* Scheikund.  Onderz.  Deel  II.,  p.  222. 
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50.02 

6.10 

43.88 


57.92 

6.37 

36.71 


and 


C 

H 

0 


— in  these,  therefore,  the  proportion  of  carbon  was  again  va- 
riable. The  composition  of  the  remaining  wood  was  now — 

C 4a05 

H 6.96 

0 45.99 


It  appears  most  clearly  that  the  last  precipitate  was  ob- 
tained from  a solution  of  cellulose  and  incrusting  matter, 
mixed  together  and  thrown  down  in  nearly  the  same  propoi^ 
tions  in  which  they  are  originally  contained  in  the  wood. 

The  legitimate  conclusion,  therefore,  to  be  drawn  from  these 
results  is  evident  The  weak  potash  solution  had  not  only 
dissolved  substances  from  the  wood,  but  had  induced  in  them 
a chemical  change.  The  alcohol  with  which  the  wood  had 
been  treated,  remained  colourless ; but  that  with  which  the 
precipitates  had  been  digested  had  taken  up  a brown  sub- 
stance, which,  therefore,  was  evidently  a product  of  de- 
composition, formed  from  the  intermediate  woody  matter  by 
the  action  of  the  alkalL  By  using  strong  potash, — after  the 
substances  of  the  wood,  decomposable  by  alkalies,  were  re- 
moved,— cellulose  and  the  intermediate  woody  matter  were 
dissolved  almost  in  the  same  proportions  in  which  they  ex- 
isted in  the  original  wood. 

For  this  reason,  it  is  very  possible  that  the  incrusting  mat- 
ter of  elm  tree  wood  is  not  a simple  but  a compound  body, 
although  in  all  the  incrusted  ligneous  cells  it  appeared  simple 
in  the  form  of  the  intermediate  layer ; but  we  are,  as  yet, 
entirely  ignorant  of  its  composition,  which  is  certainly  diffe- 
rent from  what  Payen  has  stated  it  to  be.  He  has  analysed 
products  of  decomposition,  cellulose,  unchanged  wood,  &c., 
and  to  mixtures  of  these  substances  he  has  given  the 
names  we  have  mentioned.  Nor  has  he  taken  into  accoimt 
the  substance  which  constitutes  the  exterior  layer  of  the 
ligneous  cells,  which  substance  differs  in  all  its  properties 
from  the  intermediate  woody  matter. 
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By  treating  elm-tree  wood  with  a weak  solution  of  potash 
(20  parts  to  600  of  water)  in  the  cold,  Fromberg  obtained 
again  a coloured  solution,  which  was  even  darker  in  colour 
than  that  prepared  with  the  aid  of  heat,  which,  however,  may 
hare  been  partly  due  to  the  greater  strength  of  the  liquid. 
By  repeating  this  digestion,  and  adding  acetic  acid  to  the  so- 
lution, he  obtained  precipitates  which  were  purified  with 
alcohol  and  ether,  to  which  they  did  not  communicate  any 
colour,  differing  in  this  respect  from  the  precipitates  sepa- 
rated from  the  solutions  that  were  obtained  at  an  elevated 
temperature.  They  gave — 

C 55.48  51.90  49.12 

H 6.76  6.35  6.17 

O 38.76  41.76  44.71 

The  remaining  wood  yielded,  on  analysis — 

C 51.81 

H 6.36 

0 41.83 

After  this  treatment  with  a cold  potash  ley,  he  digested 
the  wood  with  two  successive  warm  solutions  of  potash,  (20 
parts  to  750  of  water)  and;  finally,  with  a solution  of  50  parts 
of  potash  to  400  of  water.  The  precipitates  which  were  now 
produced,  gave  a brown  colour  to  alcohol,  and  after  being 
exhausted  with  it,  they  yielded — 


I. 

II. 

III. 

c 

61.08 

56.69 

49.44 

H 

&18 

6.23 

6.16 

0 

32.74 

37.18 

44.40 

whilst  the  wood  that  now  remained  gave — 

C 

60.41 

60.60 

H 

6.32 

6.11 

0 

43.27 

43.29 

— which  is,  indeed,  almost  the  composition  of  unchanged 
wood,  the  only  difference  being  that  the  proportions  of  car- 
bon and  hydrogen  are  a little  higher  in  the  latter. 

The  precipitates  I.,  II.,  and  III.  appear  to  be  considerably 
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different  from  tliose  obtained  by  the  cold  potash  ley.  In  No. 
III.  we  find  the  composition  of  the  wood  itself;  No.  II.  is  a 
mi.xture  of  Nos.  I.  and  III.,  whilst  No.  I.  is  a new  product  of 
decomposition. 

The  results  which  Fromberg  obtained  from  laburnum  and 
tulip  wood,  were  different  from  those  given  by  elm-tree  wood. 
This  indicates  a variableness  in  the  sum  of  the  constituents 
of  the  two  exterior  layers,  which,  although  denied  by  Payen, 
does  not  admit  of  any  doubt,  and  may  very  naturally  be 
expected  where  either  the  species  or  the  age  of  the  wood  is 
different,  and  may,  perhaps,  also  be  owing  to  a change  in 
the  intermediate  woody  matter  itself* 

From  these  experiments.  From  berg  arrives  at  the  conclusion 
that  the  incrusting  matter  consists  of  various  layers  of  a dif- 
ferent chemical  and  physical  nature ; that  some  layers  hav- 
ing more  mutual  adhesion,  are  more  readily  dis.solved  by  a 
cold  and  strong,  than  by  a weak  though  hot  potash  solution. 
One  of  the  precipitates  he  obtained  from  the  wood  of  the 
labunuiin  had  precisely  the  same  composition  as  ulmic  acid 
(p.  1 0+) ; whilst  by  the  influence  of  sulphuric  acid,  either 
alone  or  as.sisted  by  that  of  potash,  he  obtained  a series  of 
products,  of  which  the  composition  does  not,  as  yet,  enable 
us  to  form  any  definite  idea  of  the  incrusting  matter  of 
wood,  because  either  slight  differences  in  the  degree  of 
strength  of  the  reagents,  or  a difference  in  the  kind  of  wood, 
has  always  the  effect  of  giving  rise  to  different  products. "f* 


• Lipno-sulphuric  acid,  which  i.»,  no  douht,  a mixture  of  different  substances, 
hast  of  late  been  inreatigated  by  Blondcau  (Erdmann's  nnd  Marchand’a  Jour- 
nal, No.  15,  1844,  p.  429).  That  prepared  from  cottonwool  cannot  possibly 
be  the  same  substance  as  that  which  is  obtained  from  wood.  (See  p.  414.) 
That  from  cotton  wool  contains  the  constituents  of  cellulose;  that  from  wood 
has  some  others  in  addition. 

When  saw.dust,  moistened  with  sulphuric  acid  and  washed  with  water  and 
ammonia,  is  examined  with  the  microscope,  it  exhibits  very  distinct  laminn, 
consisting  of  the  exterior  layers  of  the  ligueous  cells.  They  were,  however,  so 
much  iiitcimixed  with  ulinic  substances,  which  could  not  be  separated  from 
them,  that  I am  compelled,  as  yet,  to  give  up  the  attempt  to  purify  them  fur- 
ther. 

f Hnrting  thinks  iSeheikund.  Onderx.  Heel  111.)  that  the  intermediate  layer 
of  the  woody  cells  contains  pectie  acid,  and  that  the  exterior  layer  corresponds 
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B.  The  Parenchymatic  CelU  of  the  Epidermis. 

These  cells  exhibit  reactions  similar  to  those  of  cellulose. 
Those  of  Hoya  carnosa,  taken  either  from  the  second  or 
fourth  intemode,  become  dark  blue  when  moistened  with 
iodine  and  sulphuric  acid.  (Fig,  1 B c.)  Those  in  the 
seventh  intemode  become  green,  owing  to  the  simultaneous 
presence  of  substances  that  respectively  turn  blue  and  yellow. 
The  cortical  fibres  which  are  situated  here,  become  very  con- 
spicuous by  the  light  blue  colour  which  they  assume  {d). 
Internally  these  cells  exhibit  a brownish  yellow  membrane, 
but  externally  they  appear  not  to  have  any  integument  of 
their  own. 

They  dissolve  in  strong  sulphuric  acid.  Those  in  the 
fourth  internode  are  not  coloured  by  strong  nitric  acid,  even 
after  the  addition  of  an  excess  of  ammonia.  (Fig.  ] A c.) 
They  do  not,  therefore,  contain  any  protein.  The  epidermic 
cells  of  Sambucus  nigra  are  not  changed  by  nitric  acid,  but 
by  iodine  and  sulphuric  acid  they  become  blua 

Those  of  Clematis  vitalba  become  also  of  a fine  blue  inside, 
and  are  inflated  by  the  action  of  the  two  latter  reagents ; at 
the  same  time  they  exhibit  a tolerably  thick,  brown  integu- 
ment, which  is  considerably  thicker  than  that  in  which  those 
ligneous  cells,  which  are  somewhat  older,  are  enveloped, 
though  in  other  particulars  it  seems  to  be  of  the  same  nature 
as  the  exterior  woody  matter. 

The  epidermic  cells  of  Tilia  europaea  become  instantly  blue 
when  moistened  with  iodine  and  sulphuric  acid.  (Halting 
and  Mulder.) 


S.  The  Fibrous  Cells  of  the  Bark. 

The  fibrous  cells  of  the  bark  of  Agave  americana,  when 
moistened  with  sulphuric  acid  (3  parts  to  1 part  of  water), 

with  the  caticle  of  pUnU  or  with  cork,  but  with  this  I do  not  agree.  I hare 
not,  however,  had  the  plcunre  of  making  my  eateemed  colleague  participate 
in  my  opinion. 
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become  greenish  brown,  and  swell  much,  so  that  ihe  cavity  en- 
tirely disappears.  WTien  the  action  has  lasted  one  hour,  the 
whole  of  the  interior  is  dissolved  and  the  exterior  layer  is 
left,  thus  showing  that  the  latter  is  essentially  diflFerent  from 
the  interior  part  with  which  it  is  in  contact  Even  after  the 
action  of  sulphuric  acid  has  been  continued  for  forty-eight 
hours,  the  exterior  layer  is  left  unchanged.* 

When  moistened  with  tincture  of  iodine,  and  subsequently 
with  sulphuric  acid  (3  parts  to  1 part  of  water),  these  cells 
become  brown.  On  the  addition  of  strong  sulphuric  acid, 
they  assume  the  green  colour  of  bile  (fig.  40  B),  whilst  all 
merenchymatic  cells  become  blue, — with  a brown,  very 
distinct  line  of  enclosure,  and  a similar  rim  in  the  trans- 
verse section.  When  the  action  of  the  acid  has  conti- 
nued for  some  time,  the  bile-like  colour  of  the  intermediate 
cell-wall  becomes  more  bluish,  exhibits  concentric  layers, 
and,  finally,  turns  brown  and  is  dissolved,  leaving  behind 
only  the  exterior  layer  which  at  first  became  brown,  and 
which  still  exists  even  after  forty-eight  hours’  action.  (Fig. 
40  D.) 

This  reaction  reminds  us  of  the  three  layers  of  the  cell- 
walls  distinguished  by  Hartig  (Beitrage  zur  Entwickelungs- 
geschichte  der  Pfianzen),  viz.,  the  Ptychode,  the  Astate, 
and  the  Eustate.  There  is  no  doubt  that  a difference 
exists  between  them.  The  reaction  of  iodine  and  sul- 
phuric acid  upon  the  middle  wall  shows  that  some,  though 
comparatively  little,  cellulose  exists  there.  It  is  intermixed 
with  a substance  which  becomes  brown  by  the  action  of 
sulphuric  acid — a substance  producing  ulmin ; this,  there- 
fore, is  intermediate  woody  matter,  whilst  the  exterior  layer 
of  the  cell-wall,  and  the  thin  interior  layer  which  also  assumes 
a brown  colour,  are  affected  in  the  same  way  as  the  exterior 
matter  of  woody  cells,  with  which,  therefore,  they  may  pro- 
bably be  identical. 

The  contents  of  the  fibrous  cells  of  the  bark  in  a very  young 


Tlic  vapour  of  Bromine  colours  the  merenchymatic  cells  uid  fibrooa 
cells  of  the  hark  in  Agave  yellow.  By  this  means  the  boundaries  of  the  latter 
in  the  tran»ver«  section  are  rendered  very  distinct. 
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Agave  become  brown  bj  the  action  of  iodine  and  sulphuric 
acid  (4  parts  to  1 part  of  water),  while  the  cells  themselves 
appear  surrounded  with  a blue  line.  (Fig.  69  and  fig.  38.) 
When  the  leaves  are  older,  the  same  reagents  render  the 
latter  colour  a little  more  greenish  (see  preceding  page), 
which  shows  that  the  cellular  matter  in  the  inside  under- 
goes gradual  change.  (Fig.  39.) 

The  bundles  of  fibres  in  the  bark  of  Phormium  tenax, 
when  moistened  with  iodine  and  sulphuric  acid,  become 
greenish  ; by  stronger  acid  they  are  dissolved.  No  exterior 
wall  is  left  here,  as  was  the  case  in  Agave.  The  little  groups 
of  fibrous  cells  of  the  bark  in  the  second  internode  of  Hoya 
carnosa,  when  treated  with  the  same  reagents,  are  very  much 
swollen,  become  of  a light  blue  colour,  and  present  no 
exterior  brown  integument  (Fig.  1 B dl)  Those  in  the 
seventh  intemode  assume  a still  lighter  blue  colour.  Nitric 
acid  does  not  change  their  colour,  nor  that  of  those  in  the 
fourth  intemode.  (Fig.  1 A dl)  By  strong  sulphuric  acid 
they  are  dissolved.^ 

The  fibrous  cells  of  the  bark  in  a branch  of  Sambucus 
nigra,  of  the  first  year* s growth,  become  yellow  by  the  action 
of  nitric  acid,  and  much  more  so  when  an  excess  of  am- 
monia is  afterwards  added.  Iodine  and  sulphuric  acid  makes 
them  blue.  The  same  takes  place  in  Asclepias  syriaca,  where 
even  in  the  young  intemodes  not  a trace  can  be  seen  of  the 
integument  of  these  cells,  which  becomes  brown  by  this  re- 
action. Like  the  membrane  of  the  ligneous  cells,  therefore, 
this  integument  is  of  later  origin,  and  must  be  formed  from 
the  substance  that  has  transuded  through  the  layer  of  cel- 
lulose. 

Those  of  Tilia  parvifoUa  become,  under  the  same  reagents, 
light  blue,  swollen,  and  present  externally  a brown  wall,  and 
a little  brown  point  in  the  centre,  formed  by  the  contraction 
of  a membrane  (the  internal  utricle  ?)  in  consequence  of  the 
swelling.  The  light  blue  expanded  wall  exhibits  in  several 
places  concentric  rings.  The  latter  become  more  and  more 
expanded,  and  thus  finally  cause  the  brown  exterior  layer  to 
burst. 
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The  thin  brown  wall  which  we  have  observed  in  these 
fibrous  cells,  after  the  application  of  the  reagents  mentioned, 
was  not  found  by  us  in  Clematis  vitalba,  in  which,  however, 
the  fibre  of  the  bark  became  light  blue,  but  we  saw  it  again 
in  Cicas  revoluta.  There  is  on  the  inside  of  this  brown  wall, 
a thick,  swollen  middle  part,  of  a greenish  yellow  colour, 
having  a small  blue  cross  in  the  centre,  produced  by  the  con- 
traction of  the  interior  membrane  of  cellulose.  These  cells 
swell  very  much  under  the  action  of  strong  nitric  acid. 

The  fibrous  cells  of  the  bark  of  Clematis  vitalba  contain 
protein,  for  we  saw  them  assume  a rose-red  colour  after  they 
had  been  digested  with  strong  hydrochloric  acid  for  forty- 
eight  hours  in  the  air.  (Harting  and  Mulder.) 

The  same  cells  in  Agave  americana,  exhausted  with  water, 
alcohol,  and  ether,  and  dried  at  266°,  gave,  on  analysis,  the 
following  results : — 

C 46.»3  47.02 

H 6.05  6.18 

0 and  N 47.02  '46.80* 

They  leave  2^  per  cent,  of  ash,  which,  on  being  moisten- 
ed with  sulphuric  acid,  shows  almost  no  effervescence 

It  would  be  useless  to  express  these  proportions  by  a for- 
mula, because  these  cells  contain  much  cellulose,  some  pro- 
tein, some  intermediate  woody  matter,  and,  finally,  that  sub- 
stance which  we  called  exterior  matter  of  woody  cells.  On 
being  digested  with  strong  acetic  acid,- these  fibrous  cells  lost 
all  their  inorganic  constituents  and  the  protein,  and  gave,  on 
analysis — 

C 46.32 

H 6.01 

0 47.67f 

There  is,  therefore,  no  real  chemical  difierence  between  the 
fibrous  cells  of  the  bark  and  the  ligneous  cella 


* Scheikiind.  Ondcrr.  Deel  III. 
+ Ibid. 
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T.  The  Collenchyme. 

The  collenchyme,  or  that  part  of  the  cellular  tissue  which 
in  some  plants  is  situated  immediately  below  the  epidermis, 
is,  in  Phytolacca  decandra,  affected  by  nitric  acid  (fig.  12  and 
13),  in  a manner  different  from  the  parenchyme  in  the  same 
plant.  A transverse  section  of  the  third  internode,  counted 
from  the  top,  is  not  changed  in  colour  by  nitric  acid,  not 
even  after  the  addition  of  ammonia,  whilst  the  contents  of 

» 

the  cell  become  yellow.  Neither  is  any  colour  produced  in 
the  rhomboidal  shaped  substances  that  arise  from  the  local 
incrustation  of  the  cell-wall,  and  which  become  distinctly 
circumscribed,  and  assume  the  appearance  of  segments  of  a 
circle,  after  the  action  of  nitric  acid.  Hence  it  is  evident 
that  this  substance  is  different  from  cellulose. 

The  collenchyme  of  Opuntia  braziliensis  is  not  coloured  by 
nitric  acid,  not  even  after  the  addition  of  an  excess  of  ammo- 
nia, any  more  than  the  parenchyme  of  this  plant.  By  strong 
sulphuric  acid  the  walls  of  the  collenchymatic  cells  become 
much  swollen ; their  cellular  appearance  is  even  entirely 
lost,  like  that  of  the  parenchymatic  cells,  but  later.  A 
strong  solution  of  potash  effects  the  same  expansion  and  dis- 
' appearance  of  the  cell-walls.  Payen’s  opinion  was,  that  they 
consist  in  a great  part  of  pectate  of  lime  They  certainly 
show  other  properties  than  pure  cellulose  does ; plants  do  not, 
however,  contain  pectlc  acid  cu  such,  but  a substance,  which 
under  various  circumstances  can  become  gelatinous,  viz.,  pec- 
tose  The  reaction  effected  by  tincture  of  iodine  with  sul- 
phuric acid  (4  parts  to  1 part  of  water),  fig.  14  b,  has  com- 
pletely convinced  us  that  these  walls,  which  are  very  thick 
even  in  the  natural  state,  consist  not  of  pectose  alone,  but  of 
an  intimate  combination  of  pectose  and  cellulose.  The  lat- 
ter is  changed  in  colour  by  these  reagents,  but  not  the  former, 
and  we  saw  that  the  collenchyme,  like  the  parenchyme,  be- 
came instantly  of  a very  fine  blue,  without  presenting  any- 
thing heterogeneous,  or  any  different  layers.  We  learn  from 
the  preparation  of  pectic  acid,  that  pectose  is  intimately 
mixed  up  with  cellulose.  -(Scheikund.  Onderz.  Deel  III.) 
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The  transverse  section  of  the  collenchymatic  cells,  of  which 
the  walls  are  very  thick  and  swollen,  presents  undulated  con- 
centric circles,  a fact  which  indicates  some  difference  between 
the  layers  of  pectose  and  cellulose.  The  exterior  wall  of  the 
cells  is  entirely  colourless,  so  that  the  cells  are  separated 
from  each  other  by  a transparent  uncoloured  wall  It  is 
probable  that  this  wall  is  nothing  else  than  pectose  This 
pectose,  however,  also  penetrates  partly  into  the  wall  of  cel- 
lulose, and  forms  with  it  layers  that  are  more  or  less  alter- 
nating. 

The  collenchyme  of  Sambucus  nigra  is  very  much  swollen 
by  strong  nitric  acid,  but  is  not  changed  by  the  subsequent 
addition  of  ammonia.  Tincture  of  iodine  with  sulphuric 
acid  renders  it  blue  If,  therefore,  pectose  be  present  here,  it 
is  diffused  through  the  cellulose 

In  very  young  branches  of  Tilia  parvifolia,  the  collenchyme 
is  not  coloured  yellow  by  nitric  acid.  By  iodine  and  sulphu- 
ric acid  it  becomes  of  a dark  blue,  without  giving  any  indi- 
cation of  the  presence  of  different  substances  in  the  cell-wall 
(Harting  and  Mulder.) 

The  cellular  membrane  of  the  collenchyme  appears,  there- 
fore, to  consist  of  pectose  interwoven  with  cellulose 


U.  The  CiUide. 

It  has  long  been  known  that  the  epidermis  of  plants  con- 
sists of  a layer  of  cella  Ad.  Brongniart,  however,  has  as- 
serted, that  by  the  process  of  maceration  a thin  membrane 
could  be  separated  from  the  surface  of  plants,  which  was 
either  homogeneous  or  granular,  and  differed  from  the  walls 
of  the  cells  in  the  epidermis.  According  to  Brongniart,  this 
membrane  covers  almost  the  entire  plant ; botanists  call  it 
cuticle.  It  has  been  examined  by  many  philosophers,  and 
last  of  all  by  MohL* 

This  cuticle  is  coloured  yellow  by  iodine,  sometimes  even 
brown,  so  that  when  the  transverse  section  of  an  epidermis 

* Lioiues,  Bd.  VI.  Heft  6,  S.  401. 
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is  moistened  with  this  tincture,  the  walls  of  the  cells  of  the 
epidermis  become  of  a light  brown,  whilst  the  outermost 
layer  (the  cuticle)  assumes  a dark  yellow  or  brown  colour. 
If,  after  being  coloured  by  iodine,  it  is  laid  in  sulphuric  acid, 
the  former  parts  assume  a fine  indigo  colour,  whilst  the  cuti- 
cle, coloiurcd  by  iodine,  remains  unchanged. 

Organs  which  are  not  covered  with  a coriaceous  epider- 
mis, have  generally  a very  thin  cuticle,  and  hence,  when 
coloured  by  iodine,  they  show  only  a very  thin  brown  layer. 

The  cuticle  is  a coherent,  smooth  membrane,  having  either 
parallel  or  irregularly  divided  linear  projections  on  its  sur- 
face. On  this  surface,  however,  these  parts  or  projections 
are  not  distinctly  defined  as  on  the  covering  of  the  epidermic 
cells,  but  the  whole  has  the  appearance  of  a continuous  mem- 
brane. Sometimes  the  cuticle  is  very  large,  so  that  it  covers 
the  surface  in  an  undulated,  or  even  in  a plicated  manner  ; 
sometimes  even  from  that  cause  it  appears  as  if  covered  exter- 
nally with  little  granulea  We  may,  therefore,  consider  the 
cuticle  as  a product  secreted  by  the  exterior  layer  of  the  cells 
of  the  epidermis  (Mohl). 

The  cuticle  or  the  layer  which  covers  the  cells  of  the  epi- 
dermis is  of  an  entirely  peculiar  character,  and  the  substance 
of  which  it  consists  is,  as  shown  by  all  the  reagents  employed, 
in  no  respect  similar  to  that  of  the  cells  of  the  epidermia  In 
Aloe  lingua,  this  cuticle,  with  the  warts  on  its  surface,  is  not 
dissolved,  nor  even  changed  in  colour  by  the  action  of  strong 
sulphuric  acid.  It  remains  unchanged  even  after  having  lain 
in  strong  sulphuric  acid  for  four  daya  Neither  is  it  in  any 
degree  dissolved  by  fuming  nitric  acid  (fig.  8).  When  mois- 
tened with  iodine  and  then  with  sulphuric  acid,  it  undergoes 
no  other  change  than  that  it  is  coloured  brown  by  the  iodine. 
Not  a trace  of  layers  is  to  be  seen. 

Aqua  regia,  hydrochloric  acid,  and  strong  phosphoric  acid, 
have  no  perceptible  influence  upon  the  cuticle. 

The  cuticle  of  Aloe  lingua,  when  acted  upon  either  by 
strong  sulphuric  acid  alone,  or  after  the  previous  application 
of  iodine,  or  also  by  phosphoric  acid,  gives  way  in  several 
places  from  the  cells  of  the  epidermis  being  dissolved,  and 
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then  a little  membrane  appears,  which  presents  nothing  re- 
sembling cellular  structure ; nothing,  in  a word,  which  can 
be  in  any  way  distinguished  even  by  a magnifying  power  of 
300.  The  cuticle  of  the  very  youngest  leaves  of  Agave 
americana,  that  are  still  very  far  from  their  state  of  com- 
plete development,  presents  exactly  the  same  reaction  as  that 
of  the  old  leavea 

All  that  has  been  said  here  of  the  cuticle  of  Aloe  lingua, 
we  found  to  be  exactly  true  with  regard  to  that  of  Agave 
americana  (fig.  69,  70,  71,  72).  In  the  latter,  however,  we 
saw,  besides  the  exterior  layer  of  the  cuticle,  some  portions 
of  it  which  pass  inwards  and  surround  the  exterior  half  of 
the  cells  of  the  epidermia  These  consist  of  the  same  sub- 
stance as  the  exterior  layer,  which  is  covered  with  warts,  and 
exhibits  exactly  the  same  reaction. 

By  strong  nitric  acid  the  cuticle  is  instantly  coloured  yel- 
low, which  colour  becomes  much  more  intense  on  the  addi- 
tion of  an  excess  of  ammonia. 

By  sulphuric  acid  (3  parts  to  1 of  water)  the  cuticle  is 
neither  changed  in  colour  nor  dissolved  ; after  the  action  of 
an  hour  it  has  become  yellow,  but  after  48  hours  no  further 
change  has  taken  place  ; it  has  not  even  become  swollen. 

The  cuticle  in  Agave  becomes  brown  by  tlie  application  of 
iodine,  followed  by  that  of  sulphuric  acid  (3  parts  to  I of 
water),  and  its  inferior  boundary  is  rendered  distinctly  visible 
On  the  subsequent  addition  of  strong  sulphuric  acid,  the  cuticle 
retains  its  colour,  but  the  cells  of  the  epidermis,  which  are  not 
covered  on  their  upper  face  by  the  cuticle,  and  those  of  the 
merenchyme,  turn  blue.  It  is  this  reaction  especially  which 
distinctly  shows  the  difference  between  the  nature  of  the  sub 
stances  of  which  the  cells  of  the  epidermis  and  the  cuticle 
severally  consist  After  48  hours  the  cells  of  the  epidermis 
are  dissolved,  but  the  cuticle  is  left  appearing  either  denti- 
cular, or  cut  out  below  in  a semicircular  manner. 

The  cuticle  of  Phonnium  tenax  becomes  yellow  on  the 
application  of  strong  nitric  acid,  and  brownish  yellow  by 
subsequently  adding  ammonia  in  excess.  By  iodine  and  sul- 
phuric acid  it  is  coloured  brown  (fig.  74). 
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The  way  in  which  the  cuticle  is  disposed  shows  clearly 
that  the  substances  of  which  it  consists  are  secreted  by  the 
exterior  layer  of  the  cells  of  the  epidermis.  It  envelopes  the 
exterior  surface  of  this  layer  in  the  shape  of  little  cylinders, 
and  therefore  its  substance  has  been  secreted  towards  the 
outside  from  the  contents  of  the  cells  of  the  epidermis, 
through  their  walls. 

The  cuticle  of  Iloya  carnosa  is  affected  by  nitric  acid  and 
ammonia,  by  iodine  and  sulphuric  acid,  in  the  same  manner 
as  has  been  mentioned  of  others  (fig.  1,  A and  B,  aa).  The 
same  applies  to  that  of  Sambucus  nigra. 

In  the  anthers  of  Gladiolus  pittacinus  the  cuticle,  when 
acted  upon  by  sulphuric  acid,  is  loosened  and  hangs  down  in 
large  fragments  without  any  cells,  which,  after  a previous 
application  of  iodine,  have  a yellow  colour ; whilst  the  layer 
immediately  under  it  becomes  blue  (Karting  and  Mulder). 

The  cuticle  might,  perhaps,  be  obtained  in  a pure  state,  by 
loosening  it  from  the  plant  by  soaking  in  sulphuric  acid. 
We  have  analysed  it,  united  to  a layer  of  epidermic  cells, 
taken  from  Phytolacca  decandra  and  Agave  americana;  in 
that  of  the  latter,  the  proportion  of  cellulose  derived  from 
the  epidermic  cells  can  be  but  small.  They  were  both  puri- 
fied by  digestion  in  water,  alcohol,  and  ether,  and  dried  at 
266“.  Those  of  Phytolacca  left  2 per  cent,  and  those  of 
Agave  more  than  4 per  cent  of  ash. 

Cuticle  with  Epidermic  Cells  Cuticle  with  Epidermic  Cells 
from  Phytolacca  decaudra.  from  Agave  americana. 


C 52.90  52.70  63.51  63.28 

H 6.79  6.80  8.82  8.89 

0 N 40.31  40.50*  27.67  27.83f 

These  results,  though  apparently  very  different,  are  not 
really  so,  as  far  as  the  cuticular  substance  itself  is  concerned. 
In  the  cuticle  of  Phytolacca  the  proportion  of  epidermic  cells 
(cellulose),  mixed  with  the  cuticular  substance,  was  much 
larger  than  in  that  of  Agave.  Deducting  this  cellular  mat- 
ter from  both,  a substance  almost  identical  in  composition  is 


• Schcikuud.  Onderz.,  Deel  111. 
+ Ibid. 
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left,  although  even  that  from  Agave  is  not  to  be  considered 
entirely  free  from  cellulose 

We  have  attempted  in  vain  to  separate  the  cuticle  in  a 
pure  state  by  soaking  in  sulphuric  acid.  Although  it  is  not 
dissolved  even  in  Nordhausen  (fuming)  sulphuric  acid,  by 
which  every  thing  else  adhering  to  it  is  dissolved,  but  in  which 
the  cuticle  retains  even  its  form  completely — still  it  is  coloured 
even  by  ordinary  sulphuric  acid  (the  bi-hydrate),  too  much 
coloured  at  least  for  being  fit  for  an  ultimate  analysis.  This 
colouring  becomes  much  more  manifest  on  subsequent  treat- 
ment with  ammonia.  This  blank  cannot,  therefore,  be  filled 
up  at  present ; but  it  is  likely  that  a certain  strength  of 
sulphuric  acid  may  exist  which  will  dissolve  the  other  sub- 
stances, and  leave  the  cuticle  behind. 

X.  The  Epidermie. 

In  plants  of  a very  simple  structure,  the  epidermis  is  not 
different  from  the  tissue  immediately  below  it,  but  in  plants 
which  are  more  composite  this  difference  is  very  great.  It  is 
covered  by  the  cuticle,  is  colourless  and  transparent,  and  in 
some  plants  it  can  be  separated  with  ease,  in  others  only 
after  the  tissue  underneath  has  been  thoroughly  soaked. 

The  cells  of  which  the  epidermis  consists  are  mostly  very 
large,  tabular,  regular,  often  tetragonal,  or  hexagonal,  some- 
times irregular,  on  a horizontal  section.  They  are  very  solid, 
and  are  connected  with  the  tissue  underneath,  without  any 
intervening  space.  The  under  wall  is  much  thinner  than 
that  which  is  exposed  to  the  air. 

Jt  appears  to  be  a very  natural  assumption,  that  an  entire- 
ly peculiar  series  of  cells  should  be  composed  of  entirely  pecu- 
liar substancea  The  case  here,  however,  is  more  simple. 
When  the  greater  part  of  the  surface  of  a series  of  ordinary 
cells  is  withdrawn  from  the  influence  of  the  circulating  fluids, 
no  new  cells  are  developed  ; and  hence,  by  the  increase  of  the 
underlying  part  they  must  become  extended,  flat,  and  tabu- 
lar ; — in  a word,  as  only  the  inferior  surface  of  the  epidermic 
cells  is  in  contact  with  the  fluid  of  the  cells,  it  is  probable 
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that  it  has  precisely  the  same  origin  as  the  cells  under- 
neath ; and  consequently,  that  both  the  cuticle  and  the  un- 
derlying cells  consist  of  the  same  substances.  Hence  it  is 
that  sometimes  only  one  series  of  epidermic  cells  is  found. 

No  analogy  whatever,  therefore,  exists  between  the  epider- 
mis and  cuticle  of  plants,  and  the  epidermis  of  animola 

The  edit  of  the  epid^rmu,  from  which  we  naturally  distin- 
guish the  cuticle,  have  exactly  the  same  properties  as  the 
parenchymatic  cells,  mentioned  before  (p.  417).  In  Aloe 
lingua  (fig.  8)  they  are  dissolved  by  strong  sulphuric  acid 
without  undergoing  any  change  in  colour.  When  tincture 
of  iodine  has  been  previously  applied,  they  exhibit  the  same 
fine  blue  colour  as  the  merenchymatic  cells,  and  are  rapidly 
dissolved.  Neither  here  nor  in  other  plants  do  they  offer  any 
more  resistance  to  the  action  of  strong  sulphuric  acid,  than 
the  merenchymatic  cells  do.  They  are  dissolved  by  strong 
phosphoric  acid ; and  after  the  application  of  tincture  of 
iodine,  they  exhibit  the  colour  of  iodide  of  starch.* 

In  places  where  the  cuticle  has  been  loosened  by  the  action 
of  iodine  and  sulphuric  acid,  the  exterior  layer  of  the  epider- 
mic cells  which  are  still  entire,  has  also  a blue  colour.  The 
existence  of  the  exterior  layer  of  the  epidermic  cells  is, 
therefore,  entirely  independent  of  that  of  the  cuticle. 

The  epidermic  cells  of  Agave  americana  (fig.  69)  exhibit 
the  same  reactions  as  those  of  Aloe  lingua  The  cells  of  the 
epidermis  in  Agave,  however,  resist  the  action  of  sulphuric 
acid  (4  parts  to  1 of  water)  until  the  merenchymatic  cells 
are  all  dissolved,  and  do  not  themselves  dissolve  till  later. 
Here,  therefore,  they  are  of  a somewhat  more  solid  structure 
than  the  merenchymatic  cells,  though  they  both  consist  of 
the  same  substance.  When  moistened  with  nitric  acid,  and 


' * Aqiu  regia,  nitric  acid,  hydrochloric  acid,  and  dilated  sulphuric  acid,  have 
no  perceptible  action  upon  the  epidermic  cells — only  the  internal  utricle, 
which  can  be  very  distinctly  seen  here,  becomes  prominent  on  the  application 
of  the  latter  acids.  This  lakes  place  as  well  in  old  epidermic  cells,  viz., 
those  in  the  summit  of  an  old  leaf, — as  in  very  young  ones  taken  from  leaves 
before  their  development  (see  p.  418). 
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then  with  ammonia,  they  present  no  trace  of  xantho-proteate 
of  ammonia. 

The  epidermic  cells  in  Opuntia  tuna  become  so  much 
swollen  by  the  action  of  sulphuric  acid,  that  they  soon  cease 
to  be  recognisable  as  celLs.  In  this  they  exhibit  the  same  pro- 
perties as  the  collenchyme  and  parenchyme  of  this  plant,  of 
which  the  cell-wall  seems  to  contain  pectose  (Halting  and 
Mulder). 


Y.  The  Hairs  of  Plants. 

The  hairs  of  plants  may  be  viewed  in  two  different  lighU 
— as  regards  their  origin  and  their  chemical  properties. 
Some  consist  of  epidermic  cells  covered  with  a thick  layer 
of  cuticular  matter.  Of  this  kind  are  those  found  in  Opuntia 
microdasys.  By  iodine  and  sulphuric  acid  their  external 
surface  does  not  become  blue,  but  brown.  We  have  not  ob- 
served their  internal  appearance  (fig.  75).  E.xtemally  they 
are  entirely  analogous  to  the  cuticular  substance 

Different  from  this  kind  of  hairs  are  those  which  have 
either  a very  thin  layer  of  cuticular  matter,  or  none  at  all, 
such  as  we  find  in  Salvia  argentea  These  are  multi-cellular, 
most  generally  without  any  contents,  and  their  wall  has  a 
thickness  of  0.0007  of  a millemeter.  By  nitric  acid  the  wall 
becomes  neither  swollen  nor  changed  in  colour.  On  the  sub- 
sequent addition  of  ammonia  in  excess  no  yellow  colour 
whatever  appears.  They  are  not  affected  by  potash.  Iodine 
colours  them  very  slightly  yellow,  and  when  sulphuric  add 
is  then  added  they  become  violet,  with  different  gradations 
of  lighter  and  darker  tint,  some  of  the  extremities  being 
partly,  others  completely  blue.  From  the  drier  natiue  of 
these  hairs,  the  penetration  of  iodine  is  rendered  more  diffi- 
cult, which  is  the  cause  of  this  difference.  They  appear, 
therefore,  to  consist  entirely  of  cellulose. 

Cotton  e.xhibits  exactly  the  same  reactions.  Tlie  thickness 
of  its  wall  is  0.002  of  a millemeter,  and  both  its  reactions 
and  composition  are  in  all  respects  the  same  as  those  of  cel- 
lulose (see  Cell-trail,  p.  413).  (Ilarting  and  Mulder.) 
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Z.  Thorm  or  Spines. 

The  internal  tissue  of  thorns  or  spines  is,  as  far  as  we  have 
examined  them,  similar  to  that  of  the  ligneous  cella  In  Cir- 
sinm  triacantha,  they  consist  of  thick-walled  cells,  the  walls 
of  which  have  a thickness  of  0.0077  of  a millemeter.  They 
are  covered  with  cuticular  and  epidermic  cella  Such  of  these 
cells  as  are  situated  internally,  arc  coloured  brown  on  the 
surface  by  the  action  of  iodine  and  sulphuric  acid ; then  fol- 
lows a bluish,  swollen  wall,  and  in  the  inside  we  perceive  a 
dark  brown,  granular  membrane  (internal  utricle  ?).  (Harting 
and  Mulder.) 

When  dried  at  275°,  and  digested  with  alcohol,  ether  and 
water,  they  have  the  following  composition : — 

C 49.44 

H 5.99 

0 N 44.57* 

— ^that  is,  the  same  as  that  of  wood.  They  leave  above  one 
per  cent,  of  ash. 


A A.  The  Cork  Tissue. 

This  tissue,  which  exists  in  a great  number  of  plants,  de- 
serves particular  attention.  It  is  very  beautifully  seen  in 
Opuntia  tuna.  Iodine  with  sulphuric  acid  (4  parts  to  1 

part  of  water),  which  imparts  a fine  blue  colour  to  the 
collenchyme  and  parenchyme,  leaves  the  cork  cells  entirely 
unchanged ; only  after  24  hours  they  have  become  brown 
(fig.  14,  a).  This  proves,  therefore,  that  we  have  here  a 
peculiar  tissue,  which  cannot  be  derived  from  cellulose,  and 
is  entirely  different  from  wood. 

The  cork  cells  in  Hoya  carnosa  are  not  changed  by  sul- 
phuric acid  ; they  only  become  brown  if  they  have  been  pre- 
viously moistened  with  tincture  of  iodine. 

In  this  reaction,  they  behave  themselves  in  the  same  man- 
ner as  the  cuticle,  and  this  observation  seems  to  accord  with 
the  opinion,  that  this  cork  tissue  is  formed  in  the  same  man- 

% 

• Schcikund.  Qnderz.  Dccl  III. 
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ner  as  the  cuticre,  of  which  it  appears  to  be  a repetition. 
This  conclusion,  however,  is  not  confirmed  by  other  proper- 
ties of  cork  and  cuticle. 

The  cork  cells  in  a branch  of  Sambucus  of  one  year  old, 
become  yellow  under  the  action  of  nitric  acid ; a property 
which  is  also  possessed  by  the  cnticla  This  colour  is  very- 
much  deepened  by  adding  subsequently  an  excess  of  am- 
monia. Tlie  same  takes  place  with  those  of  Tilia  parvifolia, 
the  cork  tissues  of  which  are  not  affected  by  iodine  and  sul- 
phuric acid. 

When  the  cork  cells  are  left  in  contact  with  strong  hydro- 
chloric acid  for  48  hours  in  the  air,  they  assume  a violet 
colour,  as  we  observed  in  a branch  of  Clematis  vitalba  of 
two  years  old.  This  is  a positive  proof  that  protein  is  pre- 
sent in  them.  (Harting  and  Mulder.) 

The  cork  from  Quercus  robur,  which  was  formerly  investi- 
gated by  ChetTeul,  has  been  again  examined  by  Doepping 
(Ann.  der  Chem.  und  Pharm.,  1843,  Maart,  p.  286).  By  treating 
it  with  ether,  Doepping  obtained  from  it  a peculiar  kind  of 
wax,  which  Chevreul  had  called  cerine — which  must  not, 
however,  be  confounded  with  the  substance  called  cerine  by 
John, — which,  on  cooling,  crystallised  in  needles,  leaving 
tannic  acid  and  extractive  matters  in  the  ethereal  solution. 
Its  composition  in  the  hundred  parts  may  be  represented  by 
the  formula  Hio  0^.  The  guberine  which  was  left,  being 
purified  by  digestion  with  alcohol,  ether,  water,  and  diluted 
hydrochloric  acid,  had  the  following  composition  : — 

C 67.80 

H 8.70 

N 2.30 

0 21.20 

Doepping  does  not,  however,  consider  it  pure,  and  in  par- 
ticular thinks  it  not  free  of  wax.  This  is  the  substance  of 
which  a large  portion  is  converted  into  suberic  acid  (C®H®03), 
when  cork  is  decomposed  by  nitric  acid,  and  w-hlch  imparts 
u peculiar  character,  not  only  to  cork,  but  to  all  barks  con- 
taining cork  -^or  like  cork  itself,  the  bark  of  the  oak,  the 
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willow,  the  poplar,  the  linden  tree,  &c.,  on  being  decomposed 
by  nitric  acid,  all  produce  suberic  acid. 

After  the  decomposition  of  cork  by  nitric  acid,  there  re- 
mains cellulose, — according  to  Doepping,  H’®  0>®,  and 
not  H21  0^1, — and  a product  of  the  oxidation  of  wax 
and  suberic  acid. 

If  we  compare  this  with  the  analyses  of  the  cuticular  sub- 
stance, mentioned  before  (p.  473),  we  perceive  a certain  con- 
nection between  the  results  of  the  analyses  of  suberine  by 
Doepping,  and  those  of  the  cuticle  of  Agave.  Doepping 
found  cellulose,  which  forms  no  part  of  the  real  cork  tissue. 
But  he  found,  in  addition,  a substance,  which,  after  allow- 
ing for  the  presence  of  cellulose,  approaches  to  that  which 
is  found  in  the  cuticle  of  Agave.  This  analogy,  however,  is 
of  no  value,  because  when  the  entire  cork  is  subjected  to  the 
action  of  the  mono-hydrate  of  sulphuric  acid,  the  whole  of  it 
is  converted  into  ulmic  substances ; whereas  the  cuticle,  when 
treated  in  the  same  way,  and  with  a considerable  quantity  of 
the  acid,  produces  no  ulmin. 

We  have,  however,  not  found  Doepping’s  analysis  of  cork 
confirmed.  Pure  cork,  digested  with  ether,  alcohol,  strong 
acetic  acid,  and  water,  left  no  weighable  quantity  of  ash,  and 
gave  the  following  result,  dried  at  284°: — 

C 65.52 

H 7.97 

These  proportions  are  entirely  difierent  from  those  found  by 
Doepping.  The  cork  we  analysed,  however,  still  contained 
some  nitrogen. 

From  all  we  have  stated,  the  following  general  conclusions 
may  Ikj  drawn. 

1°  The  young  cells  in  the  vegetable  kingdom  consist  of 
vesicles,  which  are  composed  of  pure  cellulose,  IPi  O^i. 
They  do  not  contain  any  perceptible  particles  of  solid  nitro- 
genous substances,  and  therefore  the  cell-wall  cannot  be  the 
primary  place  of  chemical  action — the  primary  cause  of  che- 
mical change  of  material.s  ; on  the  contrary,  this  must  take 
place  within  the  contents  of  the  cell. 
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2“  These  cellular  membranes  either  continue,  from  their 
first  development  till  their  old  age,  to  consist  of  cellulose 
alone, — in  this  case  they  remain  very  thin-walletl — or  they 
increase  in  thickness,  and  take  up  other  substances. 

3°  These  substances  are  taken  up  in  two  different  ways, 
either  within,  or  upon  the  thin  layer  of  cellulose. 

4“  All  young  parts  which  do  not  belong  to  the  cell-wall  are 
originally  composed  of  cellulose ; for  instance,  the  spiral 
threads.  As  they  advance  in  growth,  these  take  up  other 
matters  within  their  substance,  and  thus  become  an  intimate 
mixture  of  cellulose  with  the  substance  deposited  in  it,  which 
we  have  distinguished  by  the  name  of  intermediate  woody 
matter.  The  proportion  of  this  deposit  increases,  and  con- 
sequently that  of  the  cellulose  diminishea  Hence  it  is  that 
the  rings  of  the  annular  vessels  (those,  for  instance,  in  Opun- 
tia),  when  advanced  in  growth,  contain  very  little  cellulose, 
and  are  chiefly  composed  of  intermediate  woody  matter. 

5°  The  deposition  of  layers  upon  the  cell-wall  ought  not  to 
be  confounded  with  an  incrustation  of  the  wall  itself.  The 
two  phenomena  are  entirely  distinct  from  each  other. 

6°  The  incrustation  of  the  wall  takes  place  either  by  means 
of  pectose,  or  mucilage,  or  of  substances  of  which  the  composi- 
tion is  Qi®,  or  that  is,  the  same  as  that  of 

cellulose.  The  deposition  of  layers  is  performed  by  two  sub- 
stances, the  distinctive  characteristics  of  which  are  now 
known  ; and,  perhaps,  by  others  besides.  With  the  excep- 
tion of  pcctose,  the  former  are  produced  directly  from  cel- 
lulose, either  simply  by  an  isomeric  transformation,  or  by 
the  loss  of  (the  constituents  of)  water.  The  latter  (thcee 
deposited  upon  the  cell-walls),  are  entirely  different  from 
cellulose. 

7°  The  deposition  against  or  upon  the  cell-wall  takes  plate 
either  on  the  inner  or  on  the  outer  surface  of  the  wall,  which 
consists  of  cellulose. 

8°  If  the  latter  contain  originally  small  apertures,  as  has 
been  often  observed,  these  are,  by  the  subsequent  extension 
of  the  cell-wall,  enlarged.  Here,  therefore,  no  deposition  of 
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Other  substances  can  take  place,  and  thus  points  and  punc- 
tated canals  are  formed,  which  are  of  different  kinda 
9’  New  layers,  however,  are  always  deposited  on  the  ex- 
terior wall  of  the  layer  of  cellulose. 

10°  A certain  substance  called  exterior  matter  of  woody 
(till  (p.  451),  forms  the  first  layer,  which  in  woody  cells  is  de- 
posited on  the  cell-wall.  In  the  porous  and  scalariform  ves- 
sels the  deposit  is  of  the  same  natura 
11”  Between  these  two  layers,  that  of  cellulose  and  the 
exterior,  a third  layer  is  deposited  in  the  ligneous  cells,  con- 
sisting of  what  is  termed  intermediate  woody  matter,  in  which  a 
transverse  section  may  be  distinguished  in  the  form  of  rings, 
of  which  the  number  is  variabla 
12”  The  nearer  these  layers  approach  to  that  of  cellulose, 
the  more  they  pass  into  it. 

13”  We  have  not  observed  a real  incrustation  upon  the 
inner  surface  of  the  wall ; but  by  this  name  we  indicate  the 
peculiar  incrustation  of  the  ligneous  cells  in  Hoya  carnosa, 
which  are  entirely  different  from  real  ligneous  cells.  Here  the 
layer  of  cellulose  has  first  been  covered,  on  its  outer  surface, 
by  a layer  of  the  substance  which  constitutes  the  exterior 
layer  of  ligneous  cells  (by  the  transmission  of  matters  from 
the  contents  of  the  cell).  This  new  layer  has  now  become 
the  basis  of  a further  incrustation,  which  consists  of  different 
layers,  presenting  a homogeneous  mixture  of  cellulose  and 
intermediate  woody  matter.  In  these  cells  the  separate  layer 
of  cellulose  disappears,  which  does  not  take  place  in  real 
ligneous  cella  It  is  here  divided  between  the  new  layers  of 
intennediate  woody  matter. 

14”  In  young  and  old  cells  an  exceedingly  thin  membrane 
has  been  observed  besides,  which  is  contracted  by  nitric  and 
other  acids,  and  also  by  alcohol ; it  is  called  by  Mohl  primor- 
dial Khhxuch.  In  thin-walled  cells  it  constitutes  a second 
wall,  adhering  loosely  to  the  one  formed  of  cellulose ; in  old 
ligneous  cells  it  constitutes  a fourth  wall.  In  the  latter  it 
also  adheres  but  loosely,  but  even  in  those  which  are  very 
old,  it  is,  according  to  our  observations,  but  seldom  wanting. 
We  have  called  it  internal  utricle,  because  it  is  certain  that 
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it  is  placed  internally,  and  we  do  not  know  whether  it  is 
primordial,  and  much  less  whether  it  performs  important 
functions. 

1.5°  Tlie  tliin-walled  laticiferous  vessels  consist  of  pure 
cellulose  alone  ; those  which  are  thick- walled,  as  in  the  Eu- 
phorbias, are  surrounded  by  a thin  layer  of  a substance  which 
seems  to  be  similar  to  the  exterior  layer  of  the  ligneous  cells. 

1()°  The  cuticle  of  plants  is  a substance  transuded 
through  the  walls  of  the  epidermic  cells.  In  some  of  its  pro- 
l>erties  it  is  similar  to  the  exterior  layer  of  the  ligneous  cells 
of  the  porous  vessels,  &c.,  but  in  other  properties  and  in  com- 
position, it  is  entirely  different  from  them. 

17°  Cork  cells,  of  which  the  chief  constituent  is  su- 
herine,  have  some  of  the  properties  of  the  cuticle  of  plants, 
and  of  the  exterior  layer  of  the  ligneous  cells,  the  porous 
vessels,  &c.,  yet  the  analogies  between  them  are  very  limited. 
Cork  cells,  the  cuticle  of  plants,  and  the  exterior  layer  of  the 
ligneous  cells  are  severally  to  be  considered  as  substances 
which  are  chemically  different 

18°  The  great  number  of  small  apertures  in  the  young 
cell-wall  is  a fact  of  great  importance  with  respect  to  our 
knowledge  of  the  motion  of  the  juices  of  the  cells,  because 
where  these  apertures  exist,  these  juices  may  contain  par- 
ticles in  a state  of  suspension. 


Finally,  we  are,  in  my  opinion,  sufficiently  warranted  in 
as.suming  the  following  distinct  chemical  bodies  in  the  vege- 
table tissues. 

1°  Pure  cclluloBe,  which,  by  iodine  and  sulphuric  acid,  as- 
sumes the  colour  of  iodide  of  starch,  and  has  been  already  fully 
descriljed.  As  far  as  our  present  experience  goes,  this  cellulose 
fonns  exclusively  the  wall  of  the  un-incrusted  cells  and  vessels, 
particularly  of  the  spiral  vessels,  and  has  further  been  indi- 
cated as  being  either  the  chief  or  the  only  constituent  of  the 
round  and  elliptic  merenchymatic  cells ; of  the  angular  and 
stellular  parenchymatic  cells  ; of  the  wall  of  the  spiral  ves- 
sels ; of  the  internal  wall  of  annular,  reticulated,  striated, 
and  punctated  vessels ; of  the  internal  part  of  the  wall  of  the 
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laticiferous  vessels  ; and  of  the  internal  wall  of  the  ligneous 
cells.  It  constitutes  the  whole  of  the  young  ligneous  cells, 
and  thus  forms  the  young  cambium,  the  young  medulla,  and 
the  cells  of  the  parenchyme,  and  of  the  bark,  and  the  fibrous 
cells  of  the  bark  in  their  young  state.  It  is  found  in  the  col- 
lencbyme,  and  forms  the  cells  of  the  epidermis.  Finally,  it 
occurs  in  incrusted  cell-walls,  in  Uoya,  and  the  seeds  of  Phy- 
telephas,  and  Iris. 

This  cellulose,  therefore,  if  any  substance  does,  deserves 
the  name  of  a general  substance.  It  is  the  chief  basis  of 
the  vegetable  kingdom. 

2°  CutictUar  •matter,  that  which  forms  the  cuticle  of 
plants.  It  resists  the  action  of  the  strongest  sulphuric  acid. 

3°  Suberine,  which  is  found  in  cork  cells.  It  is  converted 
by  sulphuric  acid  into  ulmic  substances,  and  thus  differs 
from  the  cuticle  of  plants. 

4°  Exterior  matter  of  the  ligneout  cells,  which  appears  to  be 
isomeric  with  the  intermediate  woody  matter;  it  is  also 
found  in  the  exterior  walls  of  the  porous  and  scalariform 
vessels.  It  is,  in  some  of  its  properties,  analogous  with  the 
substance  of  which  the  cuticle  of  plants  consists ; but  in  pro- 
perties very  important,  and  in  composition,  it  is  entirely 
different 

We  are  still  ignorant  of  the  composition  of  this  substance, 
in  a separate  state,  because  no  meane  have  yet  been  found 
for  completely  isolating  it.  Its  properties,  however,  differ 
from  those  of  the  substance  which  it  overlies,  and  which 
constitutes  the  real  bulk  of  the  full  grown  wood,  viz. : — 

5“  Intermediate  moody  matter.  By  this  name  is  meant  the 
substance  wliich  constitutes  the  middle  layers  of  the  ligneous 
cells,  the  chief  part  of  the  rings  of  the  annular  cells,  of  the 
old  spires  and  of  the  fibrous  cells  of  the  bark.  It  turns  brown 
by  the  action  of  iodine  and  sulphuric  acid,  as  well  as  by  that  of 
sulphuric  acid  alone,  and  is  dissolved  by  strong  sulphuric  acid. 
In  some  elementary  parts, — such  as  old  spiral  threads,  the  rings 
of  the  annular  cells,  the  scalariform  vessels, — it  is  intimately 
mixed  with  cellulose,  and  in  this  state  it  is  coloured  green  by 
the  above  reagents,  with  various  tinges.  In  the  incrusting 
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layer  of  Hoya  carnosa,  in  the  spires  of  the  spiral  cells,  &x., 
it  exists  in  the  same  state.  The  formula  for  the  ligneous 
matter  of  ordinary  wood  is  0^6 ; the  composition  of 

that  of  the  harder  kinds  of  wood,  of  the  stone  fruits,  &c.,  is 
expressed  by  the  formula  C*®  H23  0^8,  though  the  latter  is 
probably  a mixture  of  different  substancea 

6°  Pettose,  as  a component  part  of  the  cell-wall,  intimately 
intermixed  with  cellulose,  occurs  in  the  epidermic,  collenchy- 
matic,  and  parenchymatic  cells  of  Opuntia  brazil : and  in  the 
exterior  thicker  wall  of  the  laticiferous  vessels  of  Euphorbia 
caput-medussB. 

(An  investigation,  which  I have  recently  Instituted,  has 
shown  me  that  plants  contain  neither  pectate  of  lime  nor 
pectic  acid  ready  formed.  We  can,  at  pleasure,  extract  from 
turnips,  by  an  alkali,  pectic  acid,  or  by  hydrochloric  acid, 
another  acid  body,  soluble  in  water,  which  I have  called  pa- 
ra-pectic  acid.  For  both  preparations,  however,  the  applica- 
tion of  an  elevated  temperature  is  required.  From  turnips 
properly  washed,  cold  water  extracts  nothing,  but  boiling  wa- 
ter extracts  para-pectic  acid.  Pectose  is  a complex  substance. 
Treated  with  an  alkali  at  the  boiling  point,  it  yields  little 
pectic  acid,  but  a large  quantity  of  certain  substances  soluble 
in  water,  among  which  is  un-crystallisable  or  fruit  sugar.  1 
refer,  with  regard  to  this  point,  to  the  Scheikundige  Onder- 
zoekingen,  Deel  III.,  where  the  details  of  an  extensive  inves- 
tigation of  these  substances  will  be  found,  and  which  may 
serve  as  an  amplification  of  what  has  been  stated  before  (p 
241)  regarding  pectic  acid  and  pectin.*) 

7°  The  mbstance  constituting  the  internal  uiric{e,  which  we 
have  not  been  able  more  closely  to  investigata  The  same 
was  the  case  with  the  tAin  exterior  wall  of  the  laticiferous 
vessels,  which,  like  the  internal  utricle,  is  coloured  brown  by 
iodine  and  sulphuric  acid. 

8°  The  tubetance  of  the  homy  albumen  of  the  seeds  of 
Alstrcemeria  and  Iris,  which  seems  also  to  be  present  in  the 
partition -walls  of  Phytolacca  Its  formula  is  1119  O'*. 

• See  note,  p.  889. — J. 
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9°  7Vo  substances  in  seeds  of  Phytelephas,  which  liave 
both  the  same  composition,  = O^i : one  of  them  is 

cellulose 

10°  The  pith  of  the  elder  tree,  consisting  of  a substance 
which  must  be  further  looked  for  in  other  vegetable  tissues 
Probably  it  exists  also  in  other  kinds  of  pith. 

11°  Solid  vegetable  albumen,  interwoven  through  a very  large 
number  of  elementary  parts,  such  as  in  the  intermediate 
woody  matter,  wherever  it  occurs,  either  in  the  ligneous  cells 
themselves,  or  in  the  spiral  rings,  or  in  any  other  place.  It 
does  not  exist,  however,  in  the  young  ceU-viaU,  but  is  dissolved 
in  the  content*  of  young  cella 

These  are  all  the  substances  which  we  have  been  able  to 
distinguish  with  certainty  in  the  elementary  parts  of  plants 
which  we  have  examined.* 

This,  however,  is  certain,  that  in  the  vegetable,  as  well  as 
in  the  animal  kingdom,  a very  small  number  of  substances  is 
employed  to  attain  the  most  varied  purposes ; for  investi- 
gations embracing  a great  number  of  different  parts  of  plants, 
have  yielded  to  our  observation  only  a very  few  substances 
of  different  chemical  characters.  This  makes  it  probable 
that  the  number  of  those  that  belong  not  to  the  contents, 
but  to  the  walls  of  the  cells,  is  not  much  greater  than  we 
have  found  it 

I publish ‘this  portion  of  my  labours  with  the  lively  con- 
sciousness that  it  contains  scarcely  the  first  letters  of  the 
alphabet ; and  it  is  here  especially — on  this  so  very  little  cul- 
tivated yet  wide  field — that  I request  the  indulgence  of  com- 
petent readers. -f- 

* The  cellalose  of  ferment  is  of  a pecnliar  nature,  and  ou^ht  not  to  bo  con- 
founded with  ordinary  ccllnloso.  By  iodine  and  sulphoric  acid  it  is  coloured 
brown,  and  only  with  the  aid  of  the  microscope  can  wo  discover  small  intormiz- 
tures  of  a foreign  substance  which  is  coloured  blue.  It  is,  perhaps,  not  more 
than  l-50th  part  of  the  whole,  and  has  its  origin  from  the  cellulose  of  the  corn. 
(See  further,  Schoikund.  Onderz.  Deel  II.  p.  409.) 

f The  highly  interesting  second  edition  of  Schlciden's  Wissensch.  Botanik 
appeared  when  this  investigation  of  mine  was  in  the  hands  of  the  printer.  1 
regret  very  much  that  I have  thus  been  prevented  from  making  any  use  of  it. 
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BB.  Animal  Tinsiie^. 

We  liave  mentioned,  in  the  commencement  of  this  chapter, 
the  various  opinions  of  philosophers  in  regard  to  the  mode 
in  which  tissues  are  likely  to  be  formed,  from  which  it 
appears  that  there  is  a considerable  diversity  of  opinion  on 
the  subject.  Whilst  some  look  upon  everything  as  originally 
consisting  of  cells,  others  deny  this;  and  whilst  some  think  that 
wherever  cells  exist,  they  ought  always  to  be  regarded  as 
produced  from  kernels,  others  on  the  contrary  hold  tliat  the 
kernel  or  nuclens  fonns  only  a part  of  the  contents  of  the 
cell,  as  is  the  case  with  a globule  of  starch  or  with  chlorophyle 
in  plants.  It  would  appear,  however,  that  to  account  for  this 
difference  of  opinion,  we  must  look  to  the  class  of  bodies  ob- 
served, rather  than  to  observation  itself.  It  is  often  very 
difficult  to  distinguish  the  kernels  in  the  cells  of  plants,  but 
they  are  very  rarely  absent  in  the  cells  of  animals,  and  whilst 
in  plants  the  cellular  form  may  generally  be  considered  as  the 
primary  one,  there  are  many  animal  tissues  which  are  produced 
from  something  else  than  cella 

The  ardent  supporters  of  the  cell-theory  have,  however, 
stated  that  even  those  organs  in  which  cells  are  wanting  from 
the  very  commencement,  are  produced  from  cells.  They  call 
the  minute  particles  which  present  themselves  during  the 
formation  of  such  tissues,  kernels,  and  as  they  consider  these 
kernels  again  as  utricles  wdth  little  kernels  or  nucleoli,  it 
follows  that  a tissue  thus  produced  has  in  the  end  been 
formed  according  to  the  cell-theory.  The  only  difference 
is,  that  here  the  cell  is  not  developed,  but  its  essential  part, 
the  nucleus,  is  present,  and  this  nucleus  is  converted  into  a 
primary  fibre  instead  of  into  a utricle 

It  is  manifest,  tliercfore,  that  the  contest  here  becomes 
one  of  terms.  When  looking  at  such  minute  objects  as  the 
cell  kernels  are,  it  is  no  longer  possible  to  be  certain  that 
they  are  hollow  utriclea  They  are  globular  little  bodies,  the 
precise  characters  of  whieh  have  not  yet  been  clearly  made 
out  by  observation. 

If  we.  moreover,  consider  that  there  are  several  animal 
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tissues,  ■which  in  the  beginning  of  tlicir  formation  present 
nothing  else  but  such  kernels,  and  that  the  transformation 
of  such  a kernel  takes  place  without  the  previous  production 
of  a cell,  it  is  evident  that  the  animal  tissues  do  not,  by  any 
means,  exhibit  that  general  character  which  is  presented  by 
the  tissues  of  plants.  There  is,  on  the  contrary,  among  the 
former,  a great  diversity  in  the  formation  of  different  tissues 
from  the  period  of  their  first  development  till  their  growth  is 
completed.  In  accordance  with  this,  the  character  of  the 
oigans  in  animals  differs  considerably  from  that  of  the  organs 
of  plants ; the  materials  from  which  they  are  produced  differ 
very  much  from  each  other,  and  hence  arises  a series  of  pe- 
culiar stages  of  development  in  animal  tissues,  which  cannot 
be  fully  explained  by  the  cell  theory.  Besides,  the  same  ani- 
mal tissue,  when  in  the  act  of  formation,  does  not  present  one 
mode  of  development  only,  but  several  at  the  same  time, — 
thus  we  see  a formation  of  cells  with  and  without  kernels,  and 
of  other  elementary  parts  without  pre-existing  cells. 

In  the  animal  kingdom  no  cells  are  produced  without  the 
presence  of  a substance  which  is  to  supply  the  material  for 
their  structure.  This  substance,  therefore,  is  analogous  to 
the  cambium  in  plants,  so  called  by  Mirbol,  viz.,  the  cytoblas- 
tema.  This  substance  in  animals  is  a transparent  liquid,  either 
perfectly  clear,  or  intermixed  with  minute  globules,  which 
are  either  dissolved  before  any  formation  of  cells  takes  place, 
or  during  this  formation  are  deposited  in  the  cell-wall  and 
incrust  it.  When  cells  or  other  primary  parts  are  produced 
from  this  cytoblastema,  it  is  employed  either  in  whole  or 
in  part,  and  if  only  a part  is  used,  the  remainder  assumes 
different  forms,  and  becomes  either  a granular  solid  sub- 
stance, which  is  left  between  the  celb,  or  an  apparently  homo- 
geneous, solid  body,  which  separates  the  cells  from  one  an- 
other, and  serves  at  the  same  time  to  unite  them'together. 

When  treating  of  the  cells  of  plants  (p.  398)  we  remarked 
that  the  primary  membranes,  and  the  succeeding  ones  de- 
posited upon  them,  present  a considerable  difference  in  their 
form  and  properties,  in  consequence  of  which  an  old  cell  often 
consists  of  substances  entirely  different  from  those  of  a 
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young  cell.  The  same  causes  which  give  rise  to  this  pecu- 
liarity in  plants,  e.xist  also  in  animals.  Here  also  a cellular 
membrane  is  liable  to  incrustation,  but — and  this  we  do  not 
find  in  plants — it  is  also  capable  of  being  dissolved  and  re- 
placed by  some  other  substance,  or,  at  least,  of  assuming  such 
an  entirely  different  chemical  character,  that  we  must  come 
to  the  conclusion  that  the  original  cell-wall  has  undergone 
an  important  change.  The  cause  of  this  difference  between 
the  elementary  parts  of  plants  and  animals  is,  that  there 
exists  in  the  latter  a circulating  fluid.  In  plants  the  change 
of  materials  is  limited  by  the  nutritive  fluids  moving  only 
in  one  direction  ; but  in  animals  there  exists,  throughout 
their  life,  in  every  active  part,  a renovation  of  the  nutritive 
fluid,  which  has  a powerful  influence  upon  the  character  and 
composition  of  the  parts  produced,  and  through  which  their 
primary  forms  are  subjected  to  much  greater  changes  than 
those  of  the  organs  of  plants. 

The  primary  cellular  membrane  in  animal  tissues  is  pro- 
bably one  single  substance,  or  at  least,  in  very  different  tis- 
sues, one  single  combination  of  two  or  more  substances 
which  are  constantly  the  same.  At  present,  science  can  only 
in  part  explain  what  that  substance  is,  or,  at  least,  what 
forms  its  chief  part  We  have  seen  (p.  303,  note,  and  316) 
that  the  substance  which  forms  the  chief  constituent  of 
the  yolk  of  egg,  is  neither  albumen,  fibrin,  nor  casein,  but 
a body  which  can  be  represented  by  the  formula,  IIS’ 

0^2  -p  02,  which,  therefore,  may  be  considered  as  bi-oxide 
of  protein.  This  substance,  from  which,  by  the  act  of  hatch- 
ing, the  first  cells  are  produced,  is  mixed  with  a fatty  mat- 
ter. As,  however,  no  such  fatty  oil  is  found  in  any  cells  that 
are  in  the  act  of  development,  to  whatever  tissues  they  may 
belong,  it  may  be  safely  passed  over  in  considering  the  de- 
velopment of  cells  in  the  egg.  The  material,  therefore,  from 
which,  by  the  hatching  of  the  egg,  cells  are  produced,  is  the 
bi-oxide  of  protein.  If  we,  moreover,  consider,  that  in  ani- 
mal tissues  the  oxides  of  protein  are  nowhere  wanting, — that 
in  cases  of  inflammation,  the  two  oxides  of  protein  perspired 
in  large  quantity,  produce  an  active  cytoblastcma  from  which 
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pseudo-membranes  are  rapidly  formed, — then  we  obtain  ad- 
ditional grounds  for  the  following  conclusion  : that,  if  there 
does  exist  in  the  animal  body  a universal  primary  cellular  sub- 
stance, this  substance  is  bi-oxide  of  protein — a body  which  is 
produced  from  protein  by  the  influence  of  oxygen,  and  which 
cannot  be  absent  from  any  animal  tissue.  From  what  has  al- 
ready been  stated  regarding  the  yolk  of  egg  and  the  inflam- 
matory crust,  we  learn  that  this  bi-oxide  of  protein  can  exist 
in  two  states,  the  one  solid  and  the  other  liquid.*  It  may, 
therefore,  by  itself  as  a liquid  constitute  the  whole  of  the 
cytoblastcma,  and  by  a simple  transmutation  assume  the 
solid  form,  in  a manner  somewhat  analogous  to  the  conver- 
sion of  dextrin  into  cellulose  in  plants. 

Although,  however,  bi-oxide  of  protein  may  be  the  mate- 
rial from  which,  in  the  yolk  of  the  egg,  and  in  the  formation 
of  pseudo-membranes,  cells  are  originally  formed,  yet  one 
might  be  inclined  to  doubt,  if  this  same  substance  does  uni- 
versally exist  in  aU,  animal  cells  when  in  the  act  of  develop- 
ment. We  are  not  entitled  to  assume  its  universal  presence 
before  it  has  been  proved.  I think,  however,  that  the  grounds 
adduced  are  of  suihcient  weight  to  render  it  very  probable, 
that  the  cell-wall  in  the  animal  body  is  formed  from  bi-oxide 
of  protein. 

Of  the  transmutation  which  this  primary  animal  cellular 
matter  undergoes  in  the  different  tissues,  we  can  only  speak 
when  treating  separately  of  each  tissue.  We  must  here, 
however,  make  this  general  remark,  that  the  conversion  of 
one  and  the  same  substance,  which  constitutes  the  cell-wall, 
into  the  several  parts  of  the  organism  that  are  produced  from 
it,  among  which  parts  so  great  differences  exist,  must  have 
a great  influence  upon  the  whole  organism ; for  the  diver- 
sity, in  a chemical  point  of  view,  which  prevails  among 
various  tissues,  is  great.  Although  it  is  true  that  this  chemi- 
cal diversity  is  not  great  among  cM  tissues,  even  though  very 


• Id  inflamed  blood  it  exiata  in  a state  of  solution,  or  at  least  closely  ap- 
proaches to  that  state,  and  it  forms  on  the  surface  of  the  blood  a layer  of  a 
liquid,  which  gradually  becomes  solid,  and  is  then  insoluble  both  in  the  serum 
and  in  water. 
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different  in  form,  yet  such  a diversity  does  exist,  and  in  some 
tissues,  when  completely  developed,  it  is  so  great  that  we  are 
still  entirely  in  the  dark  as  to  their  relation  to  the  primary 
membrane.  On  the  other  hand,  this  diversity  in  composition, 
wherever  it  exists,  must  necessarily  be  intimately  connected 
with  the  change  of  form  that  has  taken  place  in  the  original 
tissue. 

Other  means,  however,  besides  a very  great  difference  of 
matter  are  made  use  of  by  nature  for  the  purpose  of  produc- 
ing diversity  of  form  (p.  349).  We  see  that  the  admixture 
of  extremely  minute  quantities  of  other  substances  causes  in 
the  organic  kingdom  apparently  great  differences  ; and  were 
it  possible  to  find  in  the  animal  kingdom  the  most  perfect 
identity  in  composition,  and  at  the  same  time  difference  of 
form,  we  should  feel  Inclined  to  have  recourse  with  the  view 
of  explaining  it  to  the  same  causes,  which  in  inorganic  na- 
ture throw  light  upon  dimorphism. 

It  is  evident,  from  what  we  have  here  stated,  that  there 
exists  in  the  animal  organism  a continual  change  of  compo- 
sition as  long  as  the  change  of  form  coulinuea  As,  in  con- 
sequence of  the  rapid  re-production  that  takes  places  in  some 
tissues,  the  latter  change  is  going  on  during  the  whole  life, 
— the  change  of  materials  in  the  animal  body  must  be  much 
greater  than  in  the  body  of  plants.  In  the  body  of  a man, 
duly  developed,  thousands  of  cells  are  daily  formed,  separated, 
and  excreted, — such  as  the  epithelium  cells  of  the  mu- 
cous membranes ; — thousands  of  primary  fibres  decrease  and 
again  increase ; rest  or  equilibrium  is  nowhere  to  he  found ; 
nowhere,  therefore,  is  the  form  preserved  unchanged,  and  yet 
the  function  of  no  single  molecule  has  been  interfered  with; 
though  throughout  the  whole  organism  no  space  or  atom 
exists,  which  does  not  co-operate  to  keep  up  the  change  of 
materials  which  is  going  on  elsewhere. 

The  whole  presents  a perfect  harmony,  in  which  there  is 
such  a close  connection  between  action  and  reaction,  that 
the  human  intellect  will  never  he  able  to  trace  all  the  grada- 
tions of  its  working. 

But  with  tlie  incren.se  of  the  difficulty  attending  the  inves- 
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tigation  of  this  connection,  the  duty  of  the  philosopher  to 
exert  himself  becomes  so  much  the  more  stringent,  and  the 
little  that  he  can  comprehend  assumes  a higher  character  of 
beauty. 

We  know  much  more  of  the  development  of  animal  tissues 
than  of  those  of  plants,  especially  as  regards  their  chemical 
composition.  I am,  therefore,  enabled  to  treat  of  this  part 
in  a more  scientific  manner  than  I could  do  that  of  the  elemen- 
tary parts  of  plants. 

The  chemical  reagents  for  the  elementaiy  animal  forms 
are  generally  characteristic  and  peculiar  to  them  ; hence,  a 
small  number  is  sufficient  to  lead  to  a correct  result  We 
can  give  no  general  definition  of  these  reactions,  as  they 
differ  with  the  developed  elementary  parts.  In  such  as  are 
still  quite  young,  and  in  the  act  of  development,  especially 
in  the  cellular  membranes,  the  characters  of  a protein  com- 
pound are  never  wanting. 

It  has,  however,  been  found  to  be  a general  property  of  the 
nuclei  of  animal  cells,  that  they  are  insoluble  in  acetic,  citric, 
and  tartaric  acids.  Now,  as  all  protein  compounds  are  solu- 
ble in  acetic  acid,  this  simple  reaction  shows  us  that  the 
nucleus  is  formed  of  a substance  different  from  that  of  the 
primary  cell-membrane,  as  the  latter  is  soluble  in  acetic  acid. 
This,  however,  is  all  we  know  on  the  subject  It  does  de- 
serve attention,  nevertheless,  that  the  nucleus  is  something 
different  from  the  membrane.  If,  moreover,  the  nucleus  be 
the  true  active  part  of  the  cell,  that  is,  its  formative  part,  then 
it  becomes  the  more  important  to  have  a complete  knowledge 
of  the  nuclear  substance ; — the  more  so,  because  in  some 
tissues  the  nuclei  are  converted  into  fibres. 

It  is  a fact,  which  seems  to  be  sufficiently  confirmed  by  ob- 
servation, that  the  nuclei  in  some  animal  tissues  produce  no 
cells,  but  other  elementary  forms.  This  fact  is  not  at  all  to  be 
wondered  at  A nucleus  is  a little  group  of  organic  molecules, 
from  which  a certain  activity,  in  a chemical  sense,  proceeds. 
This  little  group  gives  rise  to  a certain  chemical  change  in 
the  adjoining  substances  which  are  held  in  solution.  It  makes 
these  substances  assume  a solid  form,  and  arrange-s  these  solid 
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particles  at  the  surface  of  the  liquid,  in  a determinate  direc- 
tion; in  directions  exactly  opposite  to  one  another.  In  this 
manner  Henle’s  kernel-fibres  are  produced ; but  any  other 
fibre  difiering  from  nucleo-fibrous  matter  (elastic  tissue),  may 
be  formed  in  this  manner,  provided  there  be  a difference  in 
the  nucleus  or  in  the  original  little  groups  of  molecules.  It  is 
obvious  that  in  case  of  a difference  existing  in  the  latter, 
the  same  liquid  (cytoblastema  or  nutritive  fluid)  must  of 
necessity  give  existence  to  a different  product.  It  is  not 
likely,  therefore,  that  all  kernels  consist  of  the  same  sub- 
stance, because  there  is  such  an  essential  difference  in  the 
products  which  are  formed  by  the  agency  of  nuclei,  from  the 
arrangement  of  particles  out  of  the  same  nutritive  liquid.* 

All  that  is  known  of  nuclei,  as  productive  of  fibres,  may  lie, 
therefore,  summed  up  as  follows : that  first  a little  group  of 
solid  molecules  is  separated,  and  that  this  little  group  exercises 
an  influence  upon  the  separation  of  solid  substances  from  the 
surrounding  liquid.  It  is  proved  by  observation,  that  this 
influence  proceeds  from  two  opposite  parts  of  the  solid  group 
of  molecules. 

The  production  of  organic  fibres  bears,  in  this  respect, 
some  relation  to  the  separation  of  cr3'stalline  substances,  by 
means  of  molecules  of  solid  substances  introduced  into  a con- 
centrated saline  solution. 

Further,  as  regards  the  development  of  the  elementary 
animal  forms  in  general,  this  is  a subject  of  very  great 
difiiculty.  We  have  before  (p  354)  treated,  in  general,  of 
the  production  of  cells  either  from  nuclei  or  in  any  other 
way.  Our  present  purpose  does  not  require  any  further  con- 
sideration of  this  subject.  The  production  of  fibres,  which 
are  of  such  frequent  occurrence  in  the  animal  organism,  may 
perhaps  be  regivrded  from  the  point  of  view  just  mentionei 
As  to  the  development  of  channels  and  tubes  in  the  animal 
body,  this  undoubtedly  takes  place  in  a manner  similar  to 

* I(  is  for  new  ohservations  to  make  out  in  how  far  tissue*,  which  origiutl.r 
obtain  no  duly  formed  cell*,  should  contain,  beside*  nuclei,  imperfectly  itn- 
lope<i  cell*,  which  arc  siibfctjuently  conrerteti  into  fibre*. 


Digitized  by  Google 


VEOKTABLK  AND  ANIMAL  PHYSIOLOGY'. 


4.93 


what  appears  to  take  place  in  plants  (p.  420).  Finallj-,  the 
arrangement  of  these  three  main  elementary  forms,  cells, 
fibres,  and  channels,  into  compound  organs,  as  far  as  it  lias  yet 
been  investigated,  lies  too  far  beyond  the  dominion  of  phy- 
siological chemistry,  to  be  fit  for  a detailed  treatment  in  this 
place,  the  more  so  as  I have  not  been  able  to  clear  up  this 
point  by  observations  of  my  own. 

In  examining  the  following  animal  tissues,  it  has  been  my 
purpose  to  consider  them  in  relation  to  the  chemical  com- 
position of  the  elementary  parts,  rather  than  to  give  a de- 
tailed description  of  these  elementary  forms  themselves.  The 
former  and  not  the  latter  was  the  purpose  for  which  this 
book  was  written.  For  this  I have  consulted,  but  not  copied, 
what  has  been  collected  on  this  subject  by  men  skilled  in 
this  branch  of  science,  and  for  further  information  I refer  the 
reader  to  Henle,*  Valentin, -f-  Krause, J Todd  and  Bowman,^ 
and  others,  in  Yvhose  works  a most  valuable  collection  of 
facts  on  this  subject  is  recorded. 

The  close  relation,  however,  which  exists  between  the 
elementarj'  forms  and  the  chemical  composition  of  the 
constituents  of  the  organic  kingdom,  which  becomes  every 
day  more  manifest,  rendered  it  necessary  that  these  animal 
parts  should  be  submitted  to  a special  microscopical  investi- 
gation. I have  succeeded  in  obtaining  for  this  purpose  the 
co-operation  of  my  skilful  friend,  Dr.  Bonders  of  the  Royal 
Military  Medical  School.  He  has  had  the  kindness  to  examine 
the  principal  tissues  in  concert  Yvith  me,  and  to  his  acuteness 
the  reader  is  indebted  for  whatever  useful  results  the  follow- 
ing Investigations  may  have  produced. 

CC.  Horny  Tismes. 

There  is  a great  number  of  different  parts  of  the  animal  or- 
ganism the  elementaiy  structure  of  which  has  much  similarity 

* Allgemcine  Anatomic,  S.  220.  vgg.,  Leipzig,  1841. 

t In  Wagner's  Handwortcrbuch,  i.  S.  618. 

X Handbuch  dor  menschlichcn  Anatomic.  Hanover,  184S. 

§ The  Physiological  Anatomy  and  Physiology  of  Man.  London.  1543. 
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with  that  of  the  persistent  horns  of  the  ruminantia ; and  on 
this  account  they  have  received  the  name  of  homy  tissues 
When  young,  they  all  have  the  appearance  of  cells  with  dis- 
tinct nuclei ; but  by  further  development  these  tissues  lose 
their  cellular  form  in  whole  or  in  part,  and  in  most  cases  pre- 
sent themselves  under  an  entirely  diflFerent  aspect 

This  difference,  however,  is  not  essential  The  cells  being 
compressed,  and  their  liquid  contents  dried  up,  plates  are 
generally  produced,  adhering  to  one  another  in  different 
waya  By  the  application  of  liquids  capable  of  penetrating 
the  old  cell-wall,  these  plates  may  in  almost  all  cases  be 
converted  into  the  most  beautiful  cells. 

We  arc,  therefore,  already  able  to  give  a condensed  and 
' characteristic  description  of  the  horny  tissues.  They  consist 
of  cells  which  have  undergone  no  change  since  the  time  of 
their  production,  except  that  they  have  sometimes  lost  their 
nuclei,  are  devoid  of  liquid  contents,  and  by  pressure  or 
elongation  form  plates  or  fibres,  which,  however,  may  be 
made  to  exhibit  the  shape  of  cells  under  the  influence  of 
certain  chemical  reagents. 

As  to  the  chemical  nature  of  these  tissues,  there  is  much 
reason  to  assume  that  most  of  them  contain  one  single  radical 
or  primary  body,  a substance  of  which  the  cell-wall  is  whoUy 
or  at  least  chiefly  composed.  The  greater  part  of  the  homy 
tissues  are  consequently  affected  by  chemical  reagents  in  such 
a manner  that  they  all  exhibit  a similar  character.  Diffe- 
rences, however,  do  exist,  which  may  result  from  two  causes. 

It  would  appear  that  all  the  horny  tissues  are  not  formedfrom 
the  same  cytoblastema,  for  after  the  formation  of  nearly  the 
same  kind  of  cellular  membranes  in  different  tissues,  the  re- 
maining constituent  of  that  cytoblastema  differa  This  re- 
mainder is  partly  disposed  between  the  cells,  serving  as  a 
ligament  or  binding  material,  and  partly  becomes  enclosed 
within  the  cell  ittelf 

The  greater  part  of  horny  tissues,  when  cxposotl  to  the  air, 
are  dried  up,  and  hence  the  cells,  however  compressed  and 
triinsforme<],  contain  a dried  substance  which  influences 
the  chemical  composition,  giving  rise  to  small  diflerences  of 
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which  chemistry  is  not  yet  able  to  give  a satisfactory  expla- 
nation. 

As  regards  the  ligamentary  substance,  this  also,  along  with 
the  dried  contents,  contributes  to  cause  ditferences  in  the 
chemical  character  of  horny  tissues,  although  the  several  cell- 
walls  in  some  of  them  may  be  completely  the  same. 

It  will,  however,  appear  hereafter  that  the  cell-walls  of  all 
these  tissues  do  not  contain  the  same  substances,  although 
they  so  far  resemble  each  other,  that  most  of  them  may 
safely  be  comprehended  under  one  class,  provided  we  leave  out 
of  account  the  simple,  and  partly  also  the  compound,  lami- 
sutted  epithelium. 


DD.  Epithelium. 

The  skin,  the  serous  membranes,  the  mucous  membranes,and 
the  internal  surface  of  the  blood  vessels  and  serum  vessels,  are 
covered  with  a tissue  which  is  called  epithelium,  consisting  of 
cells  which  are  well  defined,  and,  in  most  cases,  contain  nuclei. 
The  outer  skin  or  epidermis  may  be  obtained  in  large  plates 
by  the  action  of  blistering  substances,  by  the  contact  of  hot 
bodies,  or  after  death  by  putrefaction.  It  putrefies  much  more 
slowly  than  the  skin,  in  which  respect  it  resembles  horn  and 
hair,  and  like  the  epithelium  of  the  other  membranes,  con- 
tains neither  vessels  nor  nerves.  It  is  produced  from  sub- 
stances secreted  from  the  surface  of  the  organs,  which  it  is 
destined  to  cover.  A liquid  is  separated  from  this  surface, 
becomes  organised,  and  forms  either  one  single  layer  of  cells, 
which  seems  to  be  persistent, — such  as  that  upon  the  serous 
membranes,  in  the  blood  vessels  and  elsewhere, — or  several 
layers  of  compressed,  dense  cells,  of  which  the  exterior  ones 
wear  off,  and  are  replaced  from  underneath  by  others,  as 
in  the  epidermis  (fig.  86).  The  former  constitutes  what  may 
be  termed  simple  epithelium,  the  latter,  epithelium  in  layers. 
la  the  latter  the  cells  sometimes  increase  in  number.  If 
through  the  influence  of  external  causes  the  fluid  from  which 
the  cells  are  produced  is  secreted  in  larger  quantities,  the 
layer  grows  continually  thicker,  and  a callosity  is  the  result. 
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Or  if  this  cell  producing  liquid  is  secreted  in  large  quantity 
on  a sinall  spot,  the  whole  mass  solidifies,  and  by  external 
pressure  reacts  painfully  upon  the  skin,  like  a pointed  body, 
and  so  forces  the  skin  inward  (corns). 

Both  the  composition  and  form  of  the  e})ithelium  are  dif- 
ferent on  different  parts  that  are  covered  by  it.  According 
to  Heule,  in  its  cells  one  or  two  little  nuclei  are  found, 
with  a dark  rim,  besides  some  that  are  more  divided  and 
lighter  in  colour.  The  former  are  insoluble  in  acetic  acid,  am- 
monia, and  carbonate  of  ammonia  ; but  soluble  in  potash  and 
carbonate  of  potash.  The  cells  themselves  are  clear,  lieing 
filled  with  a transparent  substance,  which  is  either  liquid 
or  solid.  The  cells  are,  in  most  cases,  placed  so  near  one 
another  that  they  become  polyhedric,  like  those  of  plants 
In  others  we  perceive  a distinct  ligameiitary  substance,  which 
fills  up  the  spaces  betw’een  the  cells,  and  may  be  dissolved 
by  a weak  potash  solution,  or  by  acetic,  or  sulphuric  acid, 
after  which  the  cells  themselves  remain  behind.  Hence, 
it  appears  that  this  inter-cellular  matter  is  diflerent  from 
the  cellular  matter  properly  so  called.  It  is  most  likely 
derived  from  what  is  left  of  the  cytoblastema  after  the  cell 
formation.  In  many  solvents,  especially  potiu^h  and  sulpkn- 
ric  acid,  it  is  more  readily  soluble  than  the  cell-wall  itself, 
and  thus  these  liquids  afford  a means  of  isolating  the  cells. 

The  mucous  membrane  of  the  mouth,  the  nose,  and  other 
j)arts,  gives  us  a ready  opportunity  of  studying  young  cells  of 
epithelium.  What  can  be  scraped  off  the  surface  of  these  j arts 
is  young  epithelium.  I know  no  w.ay  more  apt  and  easy 
of  obtaining  a very  correct  view  of  new  cells  with  their  nuclei, 
than  to  scrape  off  a little  of  the  integuments  of  these  jiarts 
and  to  place  it  under  the  microscope.  The  mucus  of  the  mouth 
and  nose  always  contains  an  admi.xture  of  recently  excreted 
epithelium  cells  (see  p.  240),  and  these  integuments  arc  there- 
fore to  be  considered  as  constant  sources  of  new  cells  which 
are  expelled  in  the  form  of  excretions,  of  which  the  quantity 
may  increase  considerably  in  illness,  and  which,  when  sepa- 
rated in  large  quantities,  either  afford  a means  of  diagnosis 
as  to  the  nature  of  the  disease  (fur,  upon  the  tongue),  or 


Digitized  by  Google 


VEGETABLB  AND  ANIMAL  PHYSIOLOGY. 


497 


when  separated,  exercise  an  influence  upon  the  organism, 
which  again  may  be  a beneficial  one  (critical  evacuations  of 
the  primm  vim),  or  the  contrarj'  (mucous  flow).* 

Epithelium  may  be  either  laminated,  or  cylindric,  or  oscilla- 
tory. The  first  is  spread  over  the  surface  of  the  serous 
membranes  (fig.  87),  which  cover  the  cavities  in  which  the  in- 
testines are  loosely  hung  up,  and  also  the  exterior  surface  of 
these  intestines  themselves,  as  for  instance,  the  peritonaeum. 
When,  therefore,  a serous  membrane  is  analysed,  we  have  to 
expect  not  only  the  substance  which  by  boiling  is  converted  in- 
to glue,  but  also  the  constituents  of  this  laminated  epethelium, 
which,  therefore,  must  first  be  scraped  off  with  a knife  (see 
p.  350).  Very  much  the  same  form  is  characteristic  of  the 
integument  of  .some  other  mucous  membranes,  for  instance,  of 
that  of  the  mouth  (fig.  89),  and  that  which  covers  the  in- 
side of  the  heart,  the  arteries  and  veins,  till  these  pass  into 
the  capillary  system.  It  is  not  soluble  even  in  boiling  water, 
nor  in  ether,  alcohol,  ammonia,  carbonate  of  ammonia,  or 
dilute  mineral  acids ; it  is  soluble,  although  not  easily,  in 
acetic  acid,  but  very  easily  in  caustic  potash. 

Laminar  epithelium.  To  this  belong  two  kinds  : that  con- 
sisting of  one  layer,  and  that  which  is  formed  of  several  layers. 

W’e  have  examined  the  simple  epithelium  of  the  serous 
membranes,  especially  that  of  the  peritonseum.-f-  • It  also  ex- 
ists on  the  inside  of  the  arteries,  where  we  found  it  to  be  al- 


* These  cclU  of  epithelium  are,  therefore,  in  very  large  quantities,  mixed  up 
with  the  exeretionn,  of  which  they  form  a constituent  which  should  not  be  over, 
looltcd.  They  contain  nitrogen,  and  the  use,  therefore,  of  these  excrements  as 
a manure,  is  derived  partly  from  their  presence,  partly  from  the  admixed 
globules  of  mucus  from  the  primm  vim. 

+ Single  laminar  epithelium,  obtained  by  scraping  off  the  internal  surface 
of  the  peritoneeum  of  a cow,  consists  of  very  thin  polygonal  plates,  which 
lie  in  close  mutual  contact,  and  have  granular  contents.  A nueleua  is  found 
only  in  a few  of  them  (fig.  S7).  By  the  action  of  weak  acetic  acid  they  l>ecome 
much  paler,  but  at  the  same  time  more  granular.  No  more  nuclei  appear, 
and  the  cells  seem  to  be  free  of  them.  The  granular  matter  extends  itself 
to  the  edges.  By  the  action  of  stronger  acetic  acid  they  are  detached  from  one 
another,  and  remain  lying  at  some  distance.  They  have  now  become  giobulsr, 
remain  granular,  and  of  the  same  sire  as  at  first  (fig.  88).  Those  scraped 
off  the  aorta  of  a man  arc  of  the  same  structure,  but  still  p.ilcr  and  loss 
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most  identical  with  the  fonner.  It  consists  of  very  flat  small 
cells  with  granular  contents.  We  have,  however,  not  been 
able  to  find  out  how  the  wall,  the  contents,  or  the  nuclei, 
if  present,  arc  constituted,  as  it  is  impossible  to  collect  a 
quantity  of  these  large  enough  for  examination. 

We  have,  however,  no  sufficient  reason  for  classing  this  epi- 
thelium as  to  its  chemical  nature  with  the  following  kinds : — 

The  compourid  or  stratified  epithelium  is  of  various  charac- 
ters. To  this  belongs,  in  the  first  place,  that  which  covers 
the  cavity  of  the  jnouth.  It  may  easily  be  removed  from  the 
internal  surface  of  the  cheek,  and  thus,  although  mixed  with 
a little  saliva  and  mucous  globules,  serves  well  for  examina- 
tion. We  have,  however,  as  yet  only  a limited  knowledge 
of  the  nature  of  its  cells,  as  only  a small  quantity  of  them 
can  be  obtained. 

They  present  themselves  as  large,  angular  plates,  contain- 
ing a nucleus  or  kernel,  and  partly  covered  with  a granular 
substance  (fig.  89).  These  plates,  by  immersion  in  potash,  are 
expanded  into  perfect  cells  (fig  90,  a,  b,  c) : the  alkaline  liquid 
does  not  at  first  dissolve  the  walls,  but  by  an  endosmotical 
action  penetrates  through  them  and  converts  the  plates  into 
ellipsoids  (fig.  90,  d).* 


distinct.  They  have,  however,  a very  distinct,  large  nncleos,  surrounded  by  a 
clear  rim. 

Those  obtained  in  the  same  manner  from  the  surface  of  the  cerebral  ventricles 
of  a cow  are  again  similar  to  the  former,  but  lie  at  a certain  distance  from  one 
another,  are  very  pale  and  thin,  circular,  and  contain  nuclei  Acetic  acid 
makes  them  still  paler,  and  the  nuclei  cease  to  appear ; the  contents,  however, 
appear  granular.  We  could  not  discover  any  oscillatory  hairs  upon  them.  (Don- 
ders  and  Mulder.) 

* EpUhdium  from  the  cavity  of  the  mouth.  This  consists  of  transparent, 
angular,  irregular  plates,  with  large  nuclei,  and  a great  number  of  small 
granules  difihsed  around  the  nucleus  (fig.  89).  The  latter  become  pale  when 
acted  upon  by  acetic  acid,  which  is  very  remarkable,  as  they  generally  arc  render- 
ed much  more  distinct  by  this  acid.  The  nuclei  present  no  trace  of  any  pe- 
culiar substance.  After  the  application  of  acetic  acid,  the  grannies  in  the  re- 
maining part  of  the  plates  have  much  increased  in  number,  the  whole  of  its 
surface  being  nearly  covered  with  them.  On  the  subsequent  addition  of  water 
no  change  is  produced  cither  in  the  cells  or  in  the  nuclei. 

Strong  nitric  acid  renders  them  pale,  and  makes  the  nuclei  disappear ; on 
ammonia  being  then  added,  they  again  become  more  distinct,  and  the  contents 
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Judging  from  the  knowledge  which  we  possess  of  them  at 
present,  the  walls  and  nuclei  of  these  cells  differ  from  those 
of  all  the  other  homy  tissuea  They  contain  only  a minute 
quantity  of  protein,  which  is  a main  constituent  of  all  real 
homy  tissues. 

The  Epidermis.  All  that  we  know,  chemically  speaking,  of 
the  epithelium,  with  which  the  several  parts  of  the  body  are 
covered,  is  confined  chiefly  to  the  epidermis.  We  find  in  it 
first  the  almost  invariably  present  so-styled  inorganic  salts, 
a little  fat,  and  the  constituents  of  sweat,  with  which  the  epi- 
dermis b saturated — such  as  lactate  of  ammonia,  lactic  acid, 
acetic  acid,  common  salt,  phosphate  of  soda,  phosphate  of 
lime,  oxide  of  iron,  and  chloride  of  ammonium  (Thdnard,  Ber- 
zelius, Anselmino), — and  further,  five  per  cent,  of  a sub- 
stance producing  glue,  which  can  be  dissolved  out  by  boiling 
m water.  Thb  substance,  however,  is  probably  not  a consti- 


of  some  become  more  granular, “but  the  nuclei  arc  not  restored.  They  do  not 
tom  yellow,  but  hare  assumed  a regular  elliptic  form.  The  cell-walls  become 
bint  yellowish,  when  heated  with  nitric  acid  and  then  supersaturated  with  am- 
monia. The  cells  hare  become  spheroidal. 

They  are  not  readily  dissolved  in  a strong,  that  is,  a saturated  solution  of 
potash ; on  the  subsequent  addition  of  water  they  swell,  and  their  laminar  form 
is  changed  into  an  elliptic  and  globular  one.  Both  the  nuclei  and  the  gra- 
nular bodies  disappear ; nothing  remains  but  a very  transparent  utricle  of  a 
globnlar  form,  which  is  at  last  dissolved  (fig.  90,  a,  b,  e). 

After  having  been  left  in  the  strong  potash  solution  for  six  hours,  their  form 
has  become  nearly  globnlar,  the  cells  now  present  an  inclosed  granular  sub- 
stance,and  in  every  cell  a nucleus  is  found.  When  water  is  added,  they  revolve 
and  float  in  the  liquid  as  globnlar  cells  (fig.  90,  d);  they  become  much  paler  and 
are  slowly  dissolved.  The  nuclei  disappear  sooner,  and  are  first  reduced  to  a 
granular  substance  (fig.  90,  b,  c) ; the  granular  contents  of  the  cells  become 
soon  invisible  in  the  diluted  potash  ley  (fig.  90,  d). 

A cell  which  revolves  and  appears  as  an  ellipsoid,  shows  its  nucleus  at  the 
same  time  as  a little  globular  body,  for  in  every  position  its  diameter  is  the 
same. 

By  the  action  of  tincture  of  iodine  the  cells  become  intensely  brown,  and  the 
nuclei  become  much  more  distinct. 

Sulphate  of  peroxide  of  iron  does  not  change  their  colour.  These  cells  are, 
therefore,  not  the  cause  of  the  red  colour  which  saliva  assumes  by  the  action 
of  a salt  of  iron. 

On  a later  examination  of  the  epithelium  of  the  peritonseum  of  a cow,  we 
found  in  every  cell  a distinct  nucleus  of  a comparatively  largo  size  (fig.  87,  b). 
(Bonders  and  Hulder.) 
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tucnt  of  tho  tissue  itself,  which  contains  93-95  per  cent  of 
insoluble  matter. 

The  cpidennis  is  readily  soluble  in  strong  sulphuric  acid  and 
in  strong  alkalies,  and  thus  is  explained  why  this  acid  and  the 
alkalies  are  unctuous  to  the  touch.  When  digested  in  alkalies, 
however,  even  for  many  days,  a small  residuum  is  left  undis- 
solved. Tlie  alkaline  solution,  when  mixed  with  acetic  acid, 
gives  a white  precipitate.  By  nitric  acid  the  epidermis  be- 
comes yellow,  and  is  converted  into  xantho-protcic  acid.  Ni- 
trate of  silver  colours  it  violet,  first  from  the  presence  of 
common  salt,  by  which  chloride  of  silver  is  formed,  which 
changes  in  colour  by  exposure  to  light,  then  because  the  sul- 
phur from  the  epidermis  gives  rise  to  the  production  of  black 
sulphuret  of  silver,  and  also  because  the  oxide  of  silver  is  re- 
duced to  the  metallic  state  (by  the  lactates),  whilst  the  nitric 
acid  combines  into  xantho-proteic  acid.  When  held  in  the 
flame  of  a lamp  it  burns  with  the  smell  of  burning  protein. 
It  is  not  dissolved  by  alcohol  and  ether.  By  the  action  of 
nitrate  of  mercury  it  becomes  reddish  brown.* 

• The  ej'idermU  of  the  brtaet  of  nil  nlmoet  full  grou'n  foctun.  The  trans- 
ver;<e  section  i«  left  in  a strong  potaah  solution  for  six  hours.  On  the  addi- 
tion of  water,  the  ejiidennis  gives  way ; well  defined  cells  swell  out  on  the  in- 
ferior Hurfacc,  and  the  whole  presents  a cellular  appearance.  The  ccll.s  become 
grailiially  more  visible,  and  the  entire  cpidcmiiB  appears  as  a mass  of  siipcrim- 
|M>scd  layers  of  regular  cells,  of  an  elliptic  form. 

The  epidermis,  therefore,  consists  of  a number  of  layers  of  flattened  cells, 
which  arc  fixed  upon  and  to  one  another,  and  become  c.xpandcd  by  the  in- 
fluence of  potash  and  water. 

After  the  epidermis  has  given  way,  a finely  granular  substance  is  seen  float- 
ing between  the  skin  and  the  epidermis.  This  is  probably  the  cytoblastema 
of  the  epidermis  mixed  with  nuclei. 

A piece  taken  from  tho  palm  of  the  hand  of  tho  foetus,  parallel  to  the  sur- 
face, after  having  been  left  in  a strong  solution  of  potash  for  seven  hours,  pre- 
sents nothing  but  complete  elliptic  cells,  with  distinct  little  nuclei.  A few  be- 
come isolated  and  float  in  the  liquid.  The  addition  of  water  produces  no  change. 

The  epidermis  from  the  palm  of  the.  hand  of  a full  grown  man,  taken  paral- 
lel to  the  surface,  after  having  been  left  in  strong  ]>otash  for  seven  hours, 
presents  also  nothing  but  elliptic  cells  (fig.  91),  and  when  tho  distance  of  the 
focus  is  changed  and  water  added,  a considerable  difference  in  the  distance 
lietwcen  two  oppo.^ito  cells  is  to  be  .seen. 

The  plates  are,  therefore,  swollen  into  cells,  which  arc  very  transparent. 
Sulphuric  acid  makes  them  contract,  and  they  become  much  less  transparent, 
although  their  cellular  form  is  still  very  recognisable.  In  potash  the  cells  bc- 
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The  composition  of  the  epidermis,  of  which  the  soft,  in- 
terior part  has  heen  erroneously  considered  as  a peculiar 
integument  (rete  Malpighi  mucosum),  is  not  to  be  derived 
from  that  of  hair ; for  the  similarity  of  composition  between 
all  the  horny  tissues,  found  by  Scheerer,  has  not  been  con- 
firmed by  more  recent  investigations. 

It  is  true  that  the  differences  found  by  elementary  ana- 
lysis are  not  great,  but  the  properties  of  the  epidermis  differ 
essentially  from  those  of  hair,  and  hence  they  are  not  to  be 
considered  as  belonging  to  the  same  class  of  tissues.*  Hair 


come  uolated,  float  away,  and  present  no  nuclei ; the  plates  even  of  the 
upper  layers  are  converted  into  true  cells  (a).  The  cells  of  the  under  layers 
arc  smaller  (6),  those  of  callus  or  thickened  skin  more  globular  (c). 

The  epidermis  of  the  thigh  of  a full-grown  man,  after  haring  been  in  weak 
acetic  acid  for  four  hours,  has  become  more  transparent  (fig.  86).  The  exterior 
layers  are  little  plates  (fig.  86  a presents  a transverse  section,  fig.  92  the  sur- 
lacc);  below  these  there  arc  little  cells  with  nuclei,  regularly  arranged(fig.  86,  i), 
below  these  again,  there  arc  nuclei  irregularly  situated  (e),  and  then  a layer, 
in  which  nothing  can  be  distinguished  (rf).  .After  this  comes  the  re.al  skin  ( e). 

When  the  epidermis  has  licen  kept  in  a large  quantity  of  sulphuric  acid 
for  six  months,  it  U apparently  dissolved,  but  when  placed  under  the  micro- 
scope, many  plates  are  still  visible,  in  which  the  structure  of  the  epidermis 
remains  recognisable.  On  the  addition  of  water  they  api>car  as  regular  cells. 

When  kept  for  six  months  in  strong  nitric  acid,  the  whole  of  the  epidermis 
is  converted  into  xantho-proteic  acid,  but  it  still  exhibits  the  same  laminar 
structure,  the  plates  being,  however,  separated  from  one  another,  and  with 
dark  edges.  Many  among  them,  when  revolving,  appear  to  be  elliptic,  others 
arc  angular;  in  no  case,  however,  arc  they  flattenc<l,  but  are  either  parallellopi- 
peds  or  cubes.  In  several,  a large  air-bubble  is  enclosed  (of  deutoxidc  of 
nitrogen), — an  additional  proof  that  the  little  bodies  have  actually  swollen  in 
all  their  dimensions. 

When  kept  in  strong  acetic  acid  for  six  months,  the  epidermis  is  left  un- 
changed, being  only  rendered  more  transparent. 

When  kept  in  hydrochloric  acid  for  the  same  period,  it  is  converted  into 
nlmic  acid,  but  in  a part  of  it  the  form  is  still  quite  distinct. 

When  kept  in  strong  potash-ley  for  the  same  time,  it  is  completely  dissolved ; 
only  a few  particles,  of  an  irregular  appearance,  are  left  behind. 

* Scheerer  has  analysed  the  epidermis  of  the  soles  of  the  feet,  and  found  for 
its  composition  (Annalen  der  Chemie  und  Pharm.  Bd.  40,  S.  55) — 

C 50.75 

H 6.76 

N 17.23 

® I 25.26 

3 I 
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seems,  on  the  contrary,  to  approach  in  character  to  horn  and 
whalebone,  although  it  differs  essentially  from  these  in  other 
respects.  On  the  other  hand,  the  properties  of  the  nails  are 
so  similar  to  those  of  the  epidermis,  that  we  should  be  inclin- 
ed to  consider  them  as  bodies  of  the  same  class  in  a chemical 
point  of  view,  if  their  composition  were  not  different ; for  the 
epidermis  contains  a much  smaller  proportion  of  sulphur 
than  the  nails,  and  there  is  also  a difference  of  one  per  cent 
between  the  proportion  of  carbon  in  the  epidermis  and  that 
in  the  nails ; consequently  they  are  not  Identical 

The  composition  of  the  epidermis  may  be  expressed  by  the 
formula  5 (C*®  H33  N®  0^^)  l>ut  it  is  impossible,  as  yet,  to 
demonstrate  the  absolute  correctness  of  this  formula.  On  the 
contrary,  I question  the  purity  of  the  epidermis  as  a chemical 
body.  As  to  the  value  to  be  attached  to  the  examination  of 
it,  I consider  it  much  less  than  in  the  case  of  hair,  the  nails, 
horn,  whalebone,  &a,  because  the  contents  of  the  flattened 
cells  in  the  epidermis  appear  to  be  much  greater  than  in  any 
of  the  other  horny  tissues  just  mentioned,  of  which  the  small 
contents  admit  of  being  neglected,  and  the  knowledge  of 
which,  in  a chemical  point  of  view,  is  confined  to  that  of  the 
cell-wall,  of  which  almost  the  whole  tissue  consists. 

It  is  certain,  however,  that  the  epidermis  is  similar  in  com- 
position to  no  other  horny  tissue  with  which  we  are  yet  ac- 
(juainted,  and  that  it  is  characterised  by  containing  a much 
smaller  proportion  of  sulphur. 

When  any  of  these  bodies  is  dissolved  in  a weak  potash 


On  repeating  thcee  ansljf^ca  of  the  epidermis  of  the  soica  of  the  feet,  preTionilj 
treated  with  ether  and  alcohol,  I have  found  (Scheikundige  Onderxoekingcn, 
Jlcel  III.)— 

C 50.28  40.84 

H 6.76  6.75 

N 17.21 

O 25.01 

8 0.74 

The  quantity  of  hydrogen  and  nitrogen  found  by  Scheercr  haa,  therefore,  been 
confirmed,  but  that  of  carbon  ii  too  large. 

• 6 (C«  H”  0>»  + N H*)  -(-  8.  See  //om. 
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ley,  and  acetic  acid  added  drop  by  drop,  in  a quantity  not 
sufficient  to  render  the  solution  acid,  a precipitate  of  protein 
is  formed,  which  is  but  small  when  hair  is  used,  and  smaller 
still  from  whalebone,  horn,  and  epidermis;  but  when  the 
liquid  is  very  much  supersaturated  with  the  acid,  an  abun- 
dant precipitate  is  produced  in  the  solution  of  the  three  lat- 
ter bodies.  This  precipitate  is  bi-oxide  of  protein. 

There  is  another  property  in  respect  of  which  the  epidermis 
resembles  horn  and  whalebone,  but  in  which  they  all  three  dif- 
fer from  hair,  viz.,  that  they  become  first  gelatinous  and  are  sub- 
sequently dissolved  in  strong  boiling  acetic  acid,  in  which  hair 
is  almost  insoluble.  From  the  solution  of  all  three  in  acetic 
acid,  ammonia  throws  down  bi-oxide  of  protein,  which  shows 
that  they  all  contain  this  substance  ready  formed. 

One  of  the  difficulties  attending  our  attempts  to  learn  the 
elementary  composition  of  the  epidermis  is,  that  it  is  impreg- 
nated with  several  foreign  substances,  and  contains  only  93 
to  95  per  cent  of  real  homy  matter,  according  to  John.  Some 
of  these  substances  may  be  removed  by  digestion  with  ether 
and  alcohol,  but  the  application  of  water  causes  the  disengage- 
ment of  sulphuretted  hydrogen,  and  thus  prevents  a correct 
determination  of  the  sulphur.  We  have,  therefore,  when 
making  the  analyses  just  mentioned,  abstained  from  treating 
the  substance  with  water. 

The  epidermis  is  not,  however,  entirely  similar  to  hom  and 
whalebone,  as  will  be  shown  presently. 

It  is  sufficiently  known  that  the  epidermis  wears  away, 
and  is  constantly  renewed  from  below.  This  renovation  is 
effected  in  the  same  way  in  which  cells  in  general  are 
multiplied  (p.  355)  from  below,  and  on  the  spot  where  the 
cell-producing  viscous  fluid  is  secreted  by  the  skin  (fig.  86,  d). 
Hence  the  undermost  cells  are  softer,  and  were  considered 
by  Malpighi  as  a peculiar  integument  (fig.  86,  b,  c).  By  this 
renovation  of  the  cells  from  below,  and  the  wearing  away  of 
the  superior  cells,  the  inferior  ones  become  at  last  the  supe- 
rior and  exterior  cells,  and  with  the  epidermis  this  process 
continues  in  the  same  way  as  it  takes  place  in  the  strati- 
fied epithelium  of  the  mucous  membranes.  The  substance. 
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therefore,  of  which  the  epithelium  consists,  is  continually 
secreted  from  the  body ; a substance  which  is  secreted  as  a 
fluid,  becomes  organised  into  cells,  wears  away,  is  replaced  by 
a new  quantity,  &c.  Thus  a considerable  quantity  of  protein 
is  expended  by  the  organism  to  perform  a seemingly  trifling 
service. 

It  often  happens  that  a large  quantity  of  these  cells  is 
separated  and  replaced  by  new  ones.  In  measles  and  scarlet 
fever,  for  instance,  we  see  entire  layers  falling  off!  After  a 
wound,  the  epidermis  may  be  seen  in  the  act  of  forming  on 
the  new  tissue. 

The  so-called  horny  tissues,  when  wholly  developed,  present 
always  a compressed  cellular  form,  and  hence  as  regards  the 
history  of  their  formation  they  may  be  included  under  one 
class.  The  following,  however,  are  exceptions,  of  which  we 
only  make  mention  here  in  passing,  in  consequence  of  the 
defective  knowledge  we  possess  of  their  chemical  character. 

First,  the  a/liiidric  epithelium  (fig.  93),  which  owes  its  origin 
to  cells  that  have  originally  been  globular,  but  which  were 
afterwards  extended  only  in  one  direction  so  as  to  become 
little  cylinders.  In  the  human  body,  however,  they  are  in 
most  cases  of  a conical  shape  (a),  and  are  either  compres,sed 
upon  one  another  wdien  their  sections  are  polygons,  or  they 
leave  interstices  between  them,  which  are  filled  up  with  a 
transparent  intercellular  matter  (l>). 

The  substances  of  which  these  cells  consist,  have  the  same 
chemical  reaction  as  those  of  the  former.  They  are  diffused 
over  a large  portion  of  the  intestinal  canal  from  the  cardia 
to  near  the  anu.s,  and  in  the  biliary  ducts,  and  they  serve  as 
an  integument  to  several  other  organs. 

Nothing  is  known  of  their  origin,  in  a chemical  point  of  view. 
It  does  not  probably,  however,  differ  much  from  that  of  the 
laminated  epithelium,  for  this  is  acted  upon  in  a similar  man- 
ner by  reagents. 

Second,  the  epithelium  with  oscillating  hairs  (fig.  94)  of  which 
the  structure  is  not  essentially  different  from  that  of  the  cy- 
lindric  epithelium,  except  that  its  free  surface  is  studded  wdth 
groups  or  parcels  of  minute  hairs  (o),  which  are  in  continual 
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motion  during  life.  This  integument  is  found  in  the  respi- 
ratory organs,  in  the  female  sexual  organs  from  the  half  of 
the  mouth  of  the  uterus  upwards,  and  in  the  ventricles  of  the 
human  brain.  We  know  nothing  yet  of  its  chemical  nature. 

A great  number  of  minute  animals,  especially  of  infusoria, 
exhibit  on  their  surface  various  flickering  or  oscillating  mo- 
tions. They  may  also  frequently  lie  seen  in  young  animals. 
Regarding  the  cause  of  this  motion,  we  are  yet  quite  in  the 
dark,  for  it  is  sometimes  seen  to  continue  even  after  the 
death  of  the  individual,  and  the  rapidity  with  which  it  is 
performed  is  surprising.  The  chemical  character  of  this 
epithelium  is  equally  unknown. 

The  naiU  are  not  essentially  different  from  the  epidermis, 
either  in  origin,  in  structure,  in  nature,  or  in  composition. 
They  are  only  harder,  and  less  elastic.  Like  the  epider- 
mis, they  consist  of  series  of  cells  grouped  together,  but  in 
greater  number.  It  is  known  that  they  are  in  a continual 
state  of  renovation.  Like  the  epidermis,  nails  of  any  kind 
are  restored  from  underneath  by  the  formation  of  new  cells 
from  new  cytoblastema.  They  are  restored  from  all  places 
where  they  are  connected  ivith  the  epidermis  underneath, 
that  is  to  say,  from  the  under  surface  and  on  the  posterior 
and  lateral  edges,  which  are  enclosed  in  a folding  of  the 
skin  ; it  takes  place  chiefly,  however,  on  the  posterior  edge, 
where  the  matrix  properly  exists.  Matter  is  there  secreted, 
which  is  converted  into  cells,  and  from  which  the  plates  of 
the  nails  are  formed,  which  appear  from  without  the  skin,  in 
the  shape  of  an  agglomeration  of  densely  packed  cells,  exactly 
similar  to  those  of  the  epidermis.  Like  the  epidermis,  there- 
fore, they  may  be  considered  as  organised  secretions  through 
which  one  of  the  most  necessary  constituents  of  the  body,  its 
protein,  is  discharged,  and  consequently  dlminisheil  in  quan- 
tity.* 

• A tectioH  of  a full-grown  nail  of  tht  fingers,  parallel  to  the  surface,  pre- 
sents bands  mnning  irregularly ; when  cut  transversely  at  the  hard  foremost 
part  of  the  nail,  it  presents  lines  running  like  bands  mixed  up  with  small  dark 
bodies  (cavities  1). 

When  a small  portion  is  scraped  off  its  surface  and  left  in  strong  acetic 
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The  composition  of  the  nails  differs  from  that  of  the  epi- 
dermis. Human  nails  have  been  analysed  by  Scheerer ; those 
of  cows  and  horses  are  not  essentially  different,  although 
their  composition  is  not  quite  the  same,  because  the  dried 
contents  are  of  a different  kind  The  cell-wall  itself,  how- 
ever, seems  to  be  the  same  in  all.*  Lauth  thinks  that  they 

acid  for  three  hours,  it  presents  homy  plates  of  a greater  transparency,  some 
of  which  contain  a keraei  (fig.  95,  a). 

When  cut  through  transversely  and  left  in  a strong  solution  of  potash  for 
six  hours,  it  ha.s  become  granular,  and  a distinct  form  can  no  longer  be  dis- 
tinguished. When  water  is  now  added,  a net  of  meshes  appears,  each  of 
which  has  a distinct  kernel.  These  meshes,  formed  from  the  outlines  of  flat- 
tened cells,  become  more  globular  after  the  water  has  acted  upon  them  for  some 
time.  Some  of  them  even  become  completely  globular  (fig.  95,  5).  In  each 
of  them  a kernel  is  distinctly  visible  (6,  I).  When  the  water  is  poured  oflT,  a 
granular  subetance  escapes  along  with  it,  and  the  cells  become  more  distinct  and 
expanded.  They  arc  here  also  attached  to  one  another.  On  acetic  acid  being 
added,  the  whole  is  contracted,  becomes  darker  in  colour,  and  the  contents  of 
the  cells  become  granular. 

After  being  left  for  six  hours  in  a solution  of  four  parts  of  potash  in  one 
of  water,  no  more  water  having  been  added,  the  cells  are  distinctly  visible  and 
much  swollen. 

A section  taken  parallel  to  the  surface  and  kept  in  a strong  solution  of 
potash  for  six  hours  presents  curved  lines.  On  water  being  added,  the  whole 
swells  much,  and  the  cells  of  the  surface  become  distinctly  visible.  A longi- 
tudinal section  exhibits  the  same  reaction. 

A section  of  the  nail  of  an  almost  full-grown  foetus,  taken  parallel  to  the 
surface,  when  kept  in  a strong  solution  of  potash  for  six  hours,  no  more  water 
being  added,  presents  isolated  cells,  each  of  which  contains  a kemeb  The 
cells  have  an  ovate  form,  and  become  paler  on  the  addition  of  water. 

The  whole  tissue,  therefore,  consists  of  nothing  but  cells.  These  cells  con- 
tain kernels,  and  probably  also  an  inclosed  substance.  When  in  the  natural 
condition,  the  cells  arc  flattened,  forming  plates,  which  lie  parallel  to  the  plate 
or  surface  of  the  nail  itself.  (Donders  and  Mulder.) 

* Scheerer  has  formd  human  muls  to  be  composed  of  ( Anna!,  der  Pharrn.  1 1), — 
C 61.089 

H 6.824 

N 16.901 

OS  25.186 

The  following  result,  which  I obtained  from  human  nails  (Scheikundige 
Onderzoekingen,  Decl  III.)  agrees  almost  exactly  with  that  of  Scheerer, — 

C 61.00 

H 6.94 

X 17.51 

O 21.75 

S 2.80 
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contain  more  phosphate  of  lime  than  the  epidermis.  Human 
nails,  however,  which  contain  more  inorganic  substances  than 
any  other  kind,  contain  about  one  per  cent,  and  human  epi- 
dermis leaves  the  same  quantity  of  incombustible  residue. 
Hence  we  may  consider  the  alleged  difference  to  have  no 
existence.  As  to  the  difference  in  the  amount  of  carbon 
obtained  by  the  analysis  of  different  kinds  of  nails,  this  is 
also  attributable  to  a difference  in  the  contents  of  the  cells, 
or  to  a smaller  or  greater  proportion  of  the  substance  by 
which  the  cells  are  united  together. 

If  we  take  for  the  composition  of  nails  that  obtained  by 
the  analysis  of  cow  and  horse-hoofs,  as  we  have  not  been 
able  sufficiently  to  repeat  the  determination  of  sulphur  in 
human  nails,  we  find  it  represented  by  the  formula 
H*3  038  Sf  • 

This  formula,  which  we  shall  explain  when  treating  of 
horn  and  hair,  is  equivalent  to  [C*®  H3i  N®  (0^3  N^)  -p  2 
(C40H81  NB  012  S3)]. 

It  expresses  an  intimate  combination  of  two  substances, 
which  may  be  considered  as  bi-oxide  of  protein,  but  in  which 
the  additional  quantity  of  oxygen  by  which  this  bi-oxide 
differs  from  protein  itself,  is  replaced  by  N2  and  S3.  The 
nails  of  cows  and  horses,  when  dissolved  in  potash-ley  and 
precipitated  by  acetic  acid,  yield  bi-oxide  of  protein,  but  no 
protein.  (See  Bom,  Hair,  and  Whalebone.) 


Fiom  hone-hooii  extracted  with  From  cow-hoofs  treated  in  the 
aloohol  and  ether  I obtained  same  way  (Scheik.  Onders.  Deel  III.). 
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EE.  Horn. 

Perennial  horns,  such  as  those  of  the  cow,  &c.,  are  in  many 
respects  similar  to  epidermis  and  nails,  while,  on  the  other 
hand,  they  differ  from  hair  both  in  structure  and  in  their 
chief  constituents.  They  consist  of  numberless  bundles  of 
fine  threads,  lying  side  by  side,  as  is  the  case  in  the  principal 
portion  of  hair  (p.  520).  When  subjected  to  the  action  of  a 
solution  of  potash  in  water,  these  bundles  unfold  into  little 
plates,  which  gradually  expand  into  regular  cells,  each  one  of 
which  contains  a distinct  kernel  (fig.  97,  b).  After  the  addi- 
tion of  sulphuric  acid,  the  form  of  the  cells  becomes  more  de- 
fined, being  either  ovate  or  globular.  The  horny  tissue,  there- 
fore, is  different  from  that  of  hair,  as  in  the  latter,  excepting 
in  the  pith  or  medulla,  cells  are  no  longer  visible.*  As  re- 
gards its  origin,  however,  it  resembles  hair,  it  being  also 


• While  cow-horn. — A longitudinal  section  taken  vertically  to  the  snrlace, 
after  l>cing  soaked  in  a strong  solution  of  potash  for  five  hours,  presents  fibres 
densely  crowded  and  running  irregularly.  After  the  addition  of  water,  these 
fibres  become  large,  more  elongated  and  distinct,  and  the  whole  is  rendered 
much  more  transparent.  When  more  water  is  added,  the  fibres  become  looser 
and  more  like  the  outlines  of  cells,  in  each  of  which  a small  kernel  may  be 
distinctly  seen  (fig.  96). 

A transverse  section,  after  having  been  kept  in  potash  for  five  hours,  also 
presents  a shapeless  appearance,  having  the  same  seeming  fibres  densely  bound 
together,  which,  however,  in  some  places  resemble  the  outlines  of  colla  On 
water  being  added,  the  cellular  structure  is  more  and  more  developed,  the 
outlines  become  detached  from  each  other,  and  each  cell  is  seen  to  contain  a 
very  distinct  kernel.  The  cells  themselves  arc  very  transparent.  When  the 
potash  is  saturated  with  dilute  sulphuric  acid,  the  cells  become  much  more 
visible,  and  assume  an  almost  globular  or  ovate  form,  without  any  contents, 
the  kernels  haring  been  rendered  invisible. 

The  texture  of  cow  horn,  therefore,  is  entirely  homogeneous,  consisting 
wholly  of  cells,  without  any  visible  contents,  and  which,  while  in  the  tissue, 
are  flattened,  but  swell  under  the  action  of  potash.  A granular  substance  is 
to  be  seen  on  the  surface  of  the  liquid. 

A section,  taken  parallel  to  the  surface  and  kept  in  a solution  of  potash  for 
five  hours,  exhibits  nothing  very  distinct.  On  water  being  added,  it  becomes 
similar  in  appearance  to  that  of  the  first-mentioned  longitudinal  section.  The 
suWquent  addition  of  dilute  sulphuric  acid  renders  the  cellular  structure  less 
•listiiict.  If  the  action  of  sulphuric  acid  is  continued  longer,  the  whole  be- 
comes too  much  contracted,  and  nothing  can  be  properly  distinguished. 

A transverse  section,  having  been  kept  in  potash  for  22  hours,  without  the 
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formed  from  a substance  secreted  by  a little  cavity  of  the 
skin,  and  of  which  the  chief  constituents  must  be  the  same 
as  those  from  which  the  epidermis  and  nails  are  built  up. 

The  colour  of  horn  varies,  but  this  variation,  like  that  of 
hair,  is  probably  not  caused  by  any  essential  difference. 

Horn,  when  grated,  gives  off  a peculiar  smell.  When 
powdered  and  heated  a little  above  212°  F.  it  becomes  soft, 
and  in  this  way  separate  portions  may  be  united  together. 
In  respect  of  this  property  it  differs  from  hair. . 

When  boiled  in  water,  horn  becomes  soft,  but  no  glue  is 
formed.  When  treated  with  alcohol  and  ether,  nearly  the 
same  substances  are  extracted  as  from  hair.  When  treated 
with  water  at  a moderate  heat,  it  gives  off  a certain  quan- 
tity of  sulphuretted  hydrogen  ; this  gas  is  produced  even 
when  powdered  horn  is  in  contact  with  water  at  the  ordinary 
temperature.  This  disengagement  of  sulphuretted  hydro- 
gen is  probably  due  to  a cause  similar  to  that  by  which  the 
same  gas  is  produced  from  coagulating  eggs.  Sulphuret  of 
sodium  is  formed  from  the  sulphuro-phosphuret  of  protein 
and  the  carbonate  of  soda  contained  in  the  white  of  the  egg, 
and  this  sulphuret  of  sodium,  when  in  contact  with  the  car- 
bonic acid  of  the  air,  gives  rise  to  the  disengagement  of  sul- 
phuretted hydrogen.  When  horn  is  grated  and  exposed  to 
the  air,  a small  quantity  of  the  same  gas  is  always  liberated, 
owing  to  the  alkaline  liquid  with  which  horn  is  saturated. 

When  kept  in  strong  sulphuric  acid  for  some  time,  horn  is 
completely  dissolved.  By  nitric  acid  it  is  converted  into 
xantho-proteic  acid.  It  is  not  dissolved  by  acetic  acid  at  the 


addition  of  water,  presents  exceedingly  well.<lcfincd  ceils,  most  of  which  contain 
a distinct  kernel  (fig.  97).  The  addition  of  water  renders  them  much  more 
transparent,  but  by  sulphuric  acid  they  again  become  very  visible. 

A section  parallel  to  the  surface,  kept  in  strong  sulphuric  acid  for  six  hours, 
presents  the  appearance  of  little  fragments,  consisting  of  bent  lines,  which 
have  been  removed  from  the  surface.  They  float  nlxmt  like  irregular  little 
plates.  A section  perpendicular  to  the  surface,  where  the  whole  is  coherent, 
produces  larger  laminiG. 

In  a section  parallel  to  the  surface,  kept  in  sulphuric  acid  for  24  hours,  the 
laminse  give  way  and  float  through  the  liquid  os  little,  bent  laminae  (fig. 
98).  (Donders  and  Mulder.) 
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ordinary  temperature.  By  hydrochloric  acid  it  is,  after  some 
time,  converted  into  humate  of  ammonia. 

Horn,  when  left  for  some  time  in  a weak  potash-ley,  is  al- 
most completely  dissolved ; only  a few  shapeless  particles  being 
left  behind.  The  solution  has  a light  yellowish  colour.  On  the 
addition  of  a little  acetic  acid,  a minute  precipitate  is  formed. 
If  this  precipitate  is  separated  by  filtration,  and  an  excess  of 
acetic  acid  added  to  the  remaining  solution,  a fresh  quantity  of 
another  precipitate  is  obtained.  The  former  is  protein,  but 
the  quantity  produced  is  so  trifling  that  it  is  to  be  considered 
as  one  of  the  accessory,  and  not  of  the  essential  constituents 
of  horn.  The  composition  of  the  latter  precipitate  is  the 
same  as  that  of  bi-oxide  of  protein,  according  to  analyses 
made  by  J.  L.  Tilanus.* 

When  horn  is  boiled  in  strong  acetic  acid,  it  first  becomes 
gelatinous,  and  is  at  last  dissolved.  Ammonia  added  to  this 
solution  produces  a precipitate  of  which  the  composition,  ac- 
cording to  J.  L.  Tilanus,  is  about  the  same  as  that  of  tii- 
oxido  of  protein.-f* 

When  chlorine  is  passed  through  horn,  suspended  in  water, 
a compound  is  produced  of  chlorine  and  horn,  which,  accord- 
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Compare  the  uiliydroastri-ozid*  of  protein  from  hair.  Thia  tri^exideof  pra 
tein  from  bom  Is  not  insolnble  in  water. 


Cow-hom  analysed  in  its  natural  state,  was  found  by  J.  L,  Tilanus  to  coo- 
sist  of ; — 
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ing  to  the  analysis  of  J.  L.  TUanus,*  may  be  represented  by 
the  formula 

C40  H31  N4  on  + Cl  03. 

A similar  compound  has  also  been  obtained  from  whale- 
bone, and  as  the  composition  of  the  latter  substance  ap- 
proaches that  of  horn,  it  at  first  appears  that  we  are  en- 
titled to  consider  whalebone  and  horn  as  tissues  of  the  same 
kind. 

This  conclusion,  however,  is  incorrect,  because,  first,  when 
whalebone  is  dissolved  in  potash-ley,  and  acetic  acid  added, 
no  precipitate  is  formed,  whereas  an  abundant  one  is  ob- 
tained from  horn ; secondly,  when  whalebone  is  dissolved 
in  strong  acetic  acid  and  ammonia  added,  a precipitate  ap- 
pears, which  is  bi-ozide  of  protein,  whilst  that  from  horn 


Scbeerer  obUinod  from  buffitlo-hom  (Aul  der  Pbarm.  Bd.  40,  S.  06), — 
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This  diSerenee  in  the  results  obtsincd  from  horn  respectively  by  Schoerer  and 
TUanns,  rendered  it  necessary  that  the  experiments  should  be  repeated. 
Other  specimens  of  cov-hom,  however,  gave  the  same  result : — 
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47.18 

H 6.86 

5.77 

6.04 

On  repeating  these  analyses  with  the  compound,  obtained  from  other  cow- 
homs,  the  substans^  dried  at  212°  F.  yielded  (Scheihundige  Onderzookingen, 

Deel  Ul) 

Found. 

Atoms. 

Calculated. 

C 

46.97 

40 

46.34 

H 

5.99 

31 

5.87 

N 

4 

10.75 

0 

20 

80.38 

a 

5.50 

5.81 

1 

6.71 
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differs  entirely  from  the  former  both  in  composition  and 
in  properties,  and  is  almost  identical  with  horn  iwelf ; 
thirdly,  the  compound  of  horn  and  chlorine  just  mentioned, 
cannot  be  obtained  from  whalebone  by  simply  subjecting  it 
to  the  action  of  chlorine,  but  only  after  it  has  first  been  dis- 
solved in  potash. 

The  composition  of  horn  is  also  different  from  that  of 
whalebone,  and  at  the  same  time  from  that  of  the  epidermis 
and  nails.  The  determination  of  the  nitrogen  in  horn,  as 
made  by  Scheerer,  is  incorrect 

If  we  bear  in  mind  that  potash  extracts  from  horn  a large 
quantity  of  bi-oxide  of  protein,  it  becomes  probable  that  its 
formula  is 

C80  H64  NH  028  S2  = 2 (C^o  H31  N5  Ql*  S)  + N H2, 

that  is,  a mixture  of  bi-oxide  of  protein  with  sulphur  and 
amide.  If  this  is  the  case,  the  substance  precipitated  from 
acetic  acid  may  contain  the  constituents  of  one  atom  of  am- 
monia (N  H3)  less,  and  two  atoms  of  oxygen  (Q2)  may  be 
substituted  for  two  atoms  of  sulphur  (S2),  in  this  manner: — 

080  H62  Nio  028  82  = 2 (C^o  H31  N5  015). 

The  composition  of  this  precipitate  was : — 

Tri-oxide  of  protein. 


Foand. 

Atoms. 

Cslcolsted. 

c 

60.90 

51.25 

40 

61.45 

H 

6.49 

6.46 

32 

6.72 

N 

15.66 

15.53 

6 

14.90 

O 

26.32 

16 

26.93 

8 

0.63 

The  calculated 

numbers  agree 

tolerably  well 

with  those 

derived  from  analysis,  if  we  make  allowance  for  the  portion 
of  sulphur  which  exists  in  the  precipitate  from  horn,  and 
which  is  attributable  to  an  imperfect  decomposition. 

In  endeavouring  to  explain  this  composition,  we  must  bear 
in  mind  the  following  considerationa 

Wo  know  that  it  is  one  of  the  properties  of  bi-oxide  of 
protein  to  be  converted  into  the  tri-oxide.  When,  for  in- 
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Stance,  fibrin  is  boiled  in  water,  the  bi-oxide  is  produced 
first ; and  by  protracted  boiling  this  is  changed  into  the 
tri-oxide.  The  latter  substance  we  have  already  met  with 
under  two  forms,  viz.,  as  a hydrate  soluble  in  water,  and  in 
an  anhydrous  state,  insoluble  in  water.  (See  Hair.)  When, 
therefore,  amide  is  changed  into  ammonia,  and  the  oxygen  of 
the  water  combined  with  the  organic  substance,  and  at  the 
same  time  oxygen  taken  from  the  air,  and  thereby  the  sul- 
phur liberated, — then  the  precipitate  produced  by  ammonia 
in  the  acetic  acid  solution,  must  of  necessity  have  a compo- 
sition approaching  either  to  that  of  bi-  or  of  tri-oxide  of 
protein.  The  latter  appears  to  be  actually  the  case  ; for  in 
this  way  horn  produces  a substance,  which  may  be  repre- 
sented by  the  formula  jjs  0^8. 

I think  that  the  facts  above  stated  are  in  favour  of  the 
assumption,  that  horn  is  composed  according  to  the  formula 
2 (C^OHSiN^O^^S)  -pNH2,  which  is  the  same  as  that  for  the 
cell-wall.  The  small  differences  existing  between  the  calcu- 
lated numbers  and  those  found  by  actual  experiment,  are  to 
be  accounted  for  by  the  contents  of  the  cells,  and  the  inter- 
cellular matter.  It  appeared,  however,  from  microscopic  ob- 
servations, that  these  differences  cannot  here  be  material 

FF.  Whalebone. 

Although  we  are  unacquainted  with  the  manner  in  which 
this  gigantic  product  of  the  whale  is  originated,  we  are,  how- 
ever, sufficiently  warranted  in  viewing  it  as  a product  simi- 
lar to  nails,  hair,  and  horn.  In  the  upper  jaw  of  the  Balcena 
mysticctus  and  other  species,  a set  of  plates  is  found,  which 
are  inserted  at  right  angles  into  the  circumference  of  the  jaw, 
and  have  a considerable  size.  By  means  of  these  plates  the 
mouth  is  closed  in  such  a manner  that  the  water  can  pass 
through,  but  the  small  fishes,  which  along  with  the  water 
have  been  taken  into  the  mouth,  are  kept  back. 

Whalebone  has  been  analysed  by  van  Kerckhofi  * Its 
composition  is  very  simple.  The  whole  tis.sue  consists  of 

* Scheiknndige  Onderzockingen,  Deel  II.,  p.  347. 
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cells  flattened  into  little  plates,  which  are  joined  together  in 
two  different  directions.  In  hu^  specimens  of  whalebone 
little  medullary  canals  run  in  the  longitudinal  direction ; 
these  canals  are  placed  in  groups,  and  each  of  them  is  sur- 
rounded by  a set  of  concentric  sheaths  (fig.  102 ; compare  fig. 
103, 104,  and  105).  Of  these  the  black  part  of  the  whalebone 
consists.  A group  of  these,  again,  (fig.  99,  6)  is  inclosed  in 
the  main  part  of  the  whalebone,  which  is  of  a grey  colour  (a). 
The  latter  consists  also  of  plates  (fig.  100  and  101),  like  the 
black  portion,  but  these  arc  placed  parallel  to  the  surface. 
When  left  in  potash  ley  for  a long  time,  the  whole  tissue  is 
converted  into  a collection  of  cells,  which  are  regularly  formed 
(fig.  106).  In  whalebone  these  cells  are  compressed  and  joined 
together  in  the  shape  of  plates,  which  are  seen  in  the  black 
part,  and  constitute  the  sheath  round  the  medullary  canals. 
The  observed  constituents  of  whalebone  are  : cells,  their  dried 
contents,  the  connecting  material  between  them,  a little  fat, 
and  a black  granular  substance  in  the  medullary  cazuda* 

* Whalebone  oenaUts  of  two  different  portioni.  The  one  haa  a bomogeae- 
ona,  greyish  appearance,  and  may  be  called  the  grey  aubatanee  (fig.  99,  a),  the 
other  ia  darker  in  colour,  and  may  be  beat  designated  by  the  name  of  the  bbrit 
substance  (fig.  99,  &).  A thin,  longitudinal  section  of  the  latter  preaents,  vadar 
the  simple  microscope,  distinct  dark  lines,  running  parallel  to  one  another, 
between  which  the  tissue  has  a colour  more  inclining  to  gr^.  It  may,  there- 
fore, also  be  called,  striated  substance. 

The  piece  we  used  for  examination  was  about  two  millimetres  thiek,  and  con- 
sisted of  a central  black  plate  of  one-half  millimetre  thick,  contained  between 
two  grey  pistes,  each  of  a thickness  of  about  three-fourths  of  a millimetre. 
These  three  plates  may,  therefore,  be  distinguished  both  on  a longitudinal  and 
ou  a transverse  section.  (Fig.  99.) 

A thin  piece  of  the  grry  part,  cut  through  transverseiy,  presents  under  the 
microscope  a great  number  of  paraliel,  more  or  less  interrupted  lines,  which 
indicate  a iamiuar  structure  (fig.  100).  This  shows  that  the  grey  substance 
consists  of  very  thin  plates,  which  cover  one  another  parallel  to  the  sor&ce. 
Between  these  plates  very  small  elliptic,  dark  spots  may  bo  seen,  at  regular 
distances  from  each  other.  When  the  focus  is  lengthened  a little,  these  spots 
soon  lose  their  dark  appearance,  and  hence  they  scorn  to  be  simply  little 
cavities  (a), 

Ou  the  addition  of  thick  Vonice  turpentine,  these  spots  become  at  first  still 
darker.  By  thin  turpentine  they  are  immediately  rendered  very  Uansparent, 
which  makes  it  probable  that  they  are  in  reality  little  cavities. 

A longitudinal  section  along  the  edge,  which  had  a thickness  of  two  miili- 
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The  substances  extracted  from  whalebone  by  ether  and  al- 
cohol, are ; stearine,  elaine,  phocenine,  a very  small  quantity 
of  two  different  extractive  matters,  common  salt,  and  sulphate 
of  potash.  100  parts  of  whalebone  contain  of  substances 


metrea,  presented  the  same  appearance.  The  cavities  now  appeared  narrower 
and  more  elongated  (fig.  101). 

In  a longitudinal  section,  parallel  to  the  surface,  the  laminar  structure  can 
onlj  be  recognised  from  the  plates  being  occasionally  cut  through.  When 
this  section  has  been  taken  completely  parallel  to  the  surface,  the  laminar 
structure  cannot  be  discovered.  The  plates,  therefore,  run  parallel  to  the 
sur&ce. 

A transverse  section  of  the  black  substance  presents  small  apertures,  generally 
round  (fig.  102,  1)  (canals  of  whalebone)  and  placed  at  regular  distances,  which 
are  very  often  seen  to  be  filled  writh  a dark  substance.  Around  each  of  these 
apertures  a large  number  of  concentric  layers  is  observable,  of  which  the  ex- 
terior  ones,  however,  do  not  remain  circular,  being  so  much  flattened  by  those 
of  the  adjacent  canals,  that  they  take  up  almost  the  whole  space  between  these 
canals  (that  is,  the  round  apertures  just  mentioned)  (fig.  102,  2). 

The  thickness  of  these  concentric  plates  is  almost  the  same  as  that  of  the 
plates  of  the  grey  portion.  Between  these  also,  small  dark  spots  may  bo  seen 
(fig.  103),  which  arc,  however,  still  much  smaller  than  those  of  the  grey  portion, 
and  have  the  appearance  either  of  round  points,  or  of  small  lines,  which  are 
found  most  numerous  near  the  little  canals,  around  which  the  plates  are  situ- 
ated. They  are  also  rendered  transparent  by  turpentine.  In  addition  they 
present  a large  number  of  very  fine  lines,  which  proceed  like  rays  from  every 
whalebone-canal,  and  appear  to  extend  through  all  the  surrounding  plates. 

A longitudinal  section  of  the  black  substance  presents  dark  grooves,  tolerably 
broad,  running  parallel  to  one  another,  and  placed  at  regular  distances.  They 
oontinae  visible  in  the  whole  length  of  the  section,  and  have  no  mutual  commu- 
nication whatever  by  lateral  branches  (fig.  104,  1).  These  little  canals,  which 
run  uninterruptedly,  and  through  the  whole  length  of  the  whalebone  in  the 
longitndiiuil  direction,  appear  almost  exclusively  to  produce  the  black  colour  of 
the  striated  substance.  We  call  them  whalebone-canals.  Every  one  of  these 
canals  is  filled  with  a aeries  of  oblong  fat-cells  (figs.  104,  2,  and  105,  4),  and  a 
black,  finely  granulated  matter  lies  between  the  wall  of  the  cells  and  the  cansU 
(fig.  105,  5).  If  the  section  has  not  been  made  completely  parallel  to  the  direc- 
tion of  the  whalebone-canals,  a few  of  them  are  seen  cut  o£T  (fig.  105,  3). 

When  a longitudinal  section  of  the  concentric  plates  of  a whalebone-canal 
is  seen  under  a higher  magnifying  power  (fig.  105),  we  observe  that  these 
plates  (1)  arc  nearly  similar  to  those  of  the  grey  substance.  Between  the 
plates,  irregular,  elongated,  and  dark  coloured  spots  (2)  arc  now  also  visible, 
which  may  be  considered  as  little  spaces  between  them.  As  it  is  rciy  dif- 
ficult to  make  the  section  completely  parallel  to  the  direction  of  the  concen- 
tric plates,  the  object  presents  transveiae  lines,  which  are  all  succeeding  sec- 
tions of  the  several  concentric  plates  (3). 
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soluble  ill  ether  and  alcohol,  3.85  per  cent.  When  boiled  with 
water  for  2+  hours,  a substance  is  dissolved  out,  of  which  the 
properties  resemble  those  of  gelatine,  although  differing  from 
it  in  some  respects.  The  quantity  of  this  substance  ob- 


Wlicn  tearing  off  longitudinal);  a part  of  the  blaclt  eubetancc,  it  not  un- 
frequently  happcmt  that  a single  canal  is  obtained  eeparatelv,  surrounded  by 
its  concentric  plates. 

A very  thin  piece  of  the  r/rey  gubutancf,  cut  through  transversely,  after  har- 
ing l>ccn  for  five  hours  in  a strong  potash  ley,  has  assumed  a rciy  dark  ap- 
pearance, and  its  laminar  structure  has  become  far  more  distinct.  When  water 
is  added,  it  becomes  much  paler,  and  the  plates  become  detached  from  one 
another  to  such  an  extent  that  the  whole  resembles  a beautiful  net  of  fibres, 
with  oblong  meshes,  which  bec-ome  still  looser  on  the  addition  of  more  water, 
without,  however,  being  dissolved.  In  these  meshes  large  elliptic  cells  are  to 
be  seen  at  irregular  distances  from  one  another. 

A ver)-  thin  piece  of  the  grey  substance  cut  through  longitudinally  along  the 
edge,  after  having  been  left  in  a strong  potash  ley  for  five  hours,  appears  also 
to  consist  of  fibres,  which  arc  united  with  each  other,  and  form  oblong  meshea. 
In  each  of  these  meshes  we  observed  an  oblong  and  dark  coloured  spot 
(cavity  1). 

A very  thin  piece  of  the  grey  substance,  cut  parallel  to  the  broad  surface,  is 
only  slightly  changed,  after  having  been  kept  in  a strong  potash  ley  for  five 
hours,  .\fter  water  has  been  added  the  substance  remains  shapeless,  although 
here  and  there  a scries  of  tolerably  large  sized,  pale  cells  is  to  be  seen  border- 
ing each  other,  and  containing  kernels.  We  saw,  also,  dark  coloured,  bent 
lines,  united  togetber  in  the  form  of  mesbes. 

When  a somewhat  thicker  piece  of  the  grey  substance,  cut  through  trans- 
versely, has  been  left  in  a strong  potash  ley  for  five  hours,  for  twenty-four  hours, 
and  also  for  ten  days  in  succession  (in  the  latter  case,  however,  the  access  of  the 
atmosphere  was  not  prevented),  and  water  is  then  added,  the  texture  of  the 
meshes  is  much  loosened,  and  presents  a cellular  appearance,  similar  to  that 
of  the  mcrcnchymatic  cells  in  plants  (fig.  106,  a).  By  pressing  and  rubbing 
the  cells  a little,  they  yield  easily,  and  appear  isolated  like  ovate  cells,  which, 
revolving  round  their  longer  axis,  retain  their  form,  and  stilt  contain,  espe- 
cially in  one  spot,  something  granular,  which  may,  perhaps,  be  considered  as 
the  remains  of  a nucleus  (fig.  106,  b). 

When  a very  thin  piece  of  the  ftfaci  substance,  cut  through  transversely, 
is  left  in  a strong  potash  ley  for  five  hours,  it  is  darkened  in  appearance.  The 
boundaries  of  the  concentric  plates  are  very  distinct  ; bere  and  there  they 
seem  to  pass  into  each  other.  Between  the  plates  the  small  dark  spots  are 
visible.  When  water  is  added,  the  plates  often  recede  a little  from  one  an- 
other, and  then  they  have  the  appearance  of  a net,  with  very  long,  but  narrow 
meshes. 

A very  thin  piece  of  the  black  substance,  taken  parallel  lo  ihc  surface,  pre- 
sents hardly  any  change  after  it  has  been  kept  five  hours  in  a strong  potash 
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tained  amounts  only  to  1.88  per  cent  Whalebone  contains 
1.17  per  cent  of  inorganic  substances,  which  appear  to  con- 
sist of  the  chlorides  of  sodium  and  magnesium,  sulphate  of 
lime,  phosphate  of  lime,  oxide  of  iron,  phosphuret  of  iron, 
sulphuret  of  iron,  and  silica  It  contains  no  phosphorus,  but 
the  proportion  of  sulphur  in  it  is  constant,  and  amounts  to 
3.6  per  cent 


ley.  When  water  in  added,  the  concentric  plates  recede  from  one  another  and 
aa^nme  the  appearance  of  a net,  as  in  the  grey  substance. 

In  the  medullary  canal  nothing  is  seen  but  a dark,  granular  substance. 

A transverse  section  of  a very  thin  piece  of  the  black  substance,  after  having 
been  kept  for  forty^:ight  hours  in  a strong  potash  ley,  exhibits  the  eoncoutric 
plates  around  the  medullary  canal  very  distinctly.  On  the  addition  of  water, 
the  plates  around  some  of  these  canals  recede  from  one  another,  and  assume 
the  appearance  of  a net.  Others  of  these  canals  are  isolated  with  the  whole  of 
their  concentric  plates  (fig.  107).  When  rubbed,  these  concentric  plates  give 
way,  first  at  the  outside,  and  either  one  by  one,  or  several  at  a time  (fig.  108), 
and  place  themselves  upon  their  broadest  surface,  which  at  the  same  time  indi- 
cates the  breadth  of  the  little  object  (fig.  100). 

These  turned  plates  present  no  distinct  structure ; they  are  very  pale,  and 
must  be  considered  as  taken  parallel  to  the  surface,  because  they  have  turned 
themselves  in  that  direction. 

A thicker  piece  of  the  black  substance,  cut  off  either  transversely  or  longi- 
tudinally, when  left  in  a solution  of  potash  for  twenty-four  hours,  presents  a 
dark  appearance.  On  the  addition  of  water  its  structure  becomes  loosened 
and  cellular,  and  when  rubbed  it  is  wholly  converted  into  isolated  cells,  which 
do  not  differ  from  those  of  the  grey  substance. 

It  follows  from  these  observations  that  whalebone  consists  of  thin  plates,  which 
are  situated  partly  parallel  to  the  surface,  and  partly  around  parallel  and  continu- 
ous little  canals  in  a concentric  position,  and  that  these  canals  contain  fat-eclls, 
and  a black,  granular  substance.  Further,  that  between  these  plates  small  spaces 
are  left,  which,  in  reference  at  least  to  the  concentric  plates,  are  probably  in 
eommnnication  with  the  whalebone-canals  by  means  of  the  radiating  lines  before 
mentioned  : — that  each  little  plate  consists  of  a multitude  of  flattened  cells,  of 
which  the  contents  arc  dissolved  by  potash  ; — that  when  water  is  then  added, 
these  cells  swell,  and  become  isolated  when  they  are  not  cut  through,  but  that 
if  they  are  cut  through, — as  happens  when  very  fine  sections  are  made, — they 
remain  connected  together,  and  present  a reticulated  appearance.  Hence  it 
follows,  that  the  wall  of  the  cells  resists  the  action  of  potash  much  longer  than 
the  contents  and  the  binding  material. 

Chemically  considered,  we  have  to  distinguish  in  whalebone,  1°  the  cell- 
walls,  2*  the  contents  of  the  cells,  3°  the  binding  material,  the  two  latter  being 
only  in  comparatively  small  quantity,  4°  fat-cells,  6*  a black,  granular  sub- 
stanea  (Donders  and  Mulder.) 
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When  whalebone  is  treated  with  strong  sulphuric  acid,  it 
is  converted  into  a mucilaginous  substance,  which  is  for  the 
greater  part  dissolved  by  water. 

By  nitric  acid  it  is  converted  into  xantho-proteic  acid,  by 
hydrochloric  acid  into  humate  of  ammonia.  Strong  acetic 
acid  renders  it  gelatinous,  and  diasolves  it  at  last  On  add- 
ing ammonia  to  the  liquid,  van  Eerckhoff  obtained  a preci- 
pitate of  bi-oxide  of  protein,  N®  0^*.* 

Under  these  circumstances  this  bi-oxide  of  protein  cannot 
be  a product  of  decomposition,  but  it  must  either  be  a con- 
stituent of  whalebobe,  or  at  least  be  formed  in  a very  sim|de 
manner. 

When  the  solution  so  obtained  was  treated  first  by  potash 
and  subsequently  with  chlorine,  van  Eerckhofi'  obtained  the 
same  compound  of  chlorine  which  is  spoken  of  at  p.  510,  as 
being  prepared  from  horn  under  the  circumstances  there  men- 
tioned,-|-  and  having  the  composition  C*^  H^i  0^7^  O 0*. 

By  the  protracted  action  of  chlorine  upon  finely  powdered 
whalebone,  a chlorite  of  bi-oxide  of  protein  was  obtained, 
having  the  following  composition:  C'*®  H^24  jf2o  QM  01 
= 4 (C<®  H31  N5  Ol<)  -h  3 Cl  03. J 
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This  again  proves  that  bi-oxide  of  protein  either  pre-exists 
in  whalebone,  or  at  least  is  easily  produced  from  it 

Van  KerckhofT  found  the  composition  of  whalebone  in  its 
natural  state  to  be : 

C106  H82  08<  S*.  * 

Which  formula  is  equivalent  to — 

2 (C*o  H31  N5  Oi«)  -f-  S3  -p  2 (C13  Hio  N2  05). 

If,  however,  we  abandon  the  idea  of  any  binding  mate- 
rial, and  confine  ourselves  to  the  cell-wall  alone, — which  we 
are  apparently  equally  entitled  to  do  with  regard  to  whalebone 
as  to  horn  and  hair, — and  if  we  at  the  same  time  recall  to 
our  mind  the  properties  of  whalebone,  its  composition  seems 
to  be  represented  by  the  following  formula : — 

C80  H82  NIO  (028  S2).f 

This  formula  is  in  complete  accordance  with  the  composi- 
tion of  whalebone,  as  found  by  van  EerckhofiP,  and  explains 
the  greater  part  of  the  products  of  decomposition  which  he 
obtained  from  it ; and,  moreover,  this  idea  is  seemingly  not 
opposed  by  any  of  the  properties  of  whalebone,  as  far  as  they 
are  yet  known.  It  is  equal  to  or  may  be  expressed  by 
2(C^o  H81N6  0i2)-|-02S2 


GG.  Hair. 

Hair  is  essentially  diSerent  from  all  the  tissues  of  which 
we  have  hitherto  treated ; it  has  therefore  particular  claima 
upon  our  attention. 


Foimd. 

Atoms. 

Calcolstod. 

c 

61.86 

106 

61.91 

H 

6.87 

82 

6.66 

N 

15.70 

14 

16.88 

0 

21.97 

84 

21.78 

s 

8.60 

8 

8.87 

Atoms. 

CslcnUtod. 

C 

80 

62.48 

H 

62 

6.64 

N 

10 

16.19 

0 

26 

22.29 

8 

2 

3.45 

Digitized  by  Google 


520 


TUB  CHBMI8TRT  OP 


The  origin  of  hair  is  a CTtoblastema,  capable  of  assuming 
the  cellular  form,  and  secreted  in  a depression  of  the  skin, 
in  which  a vascular  tissue  is  found.  New  cells  being  conti- 
nually produced  at  the  lowermost  part  of  the  cavity,  those 
already  existing  are  continually  lifted  up,  and  thus  gradually 
raised,  through  an  aperture,  above  the  surface  of  the  epider- 
mis ; in  this  manner  the  protruding  part  is  continually 
elongated. 

The  series  of  cells,  which  are  tolerably  distinct  in  the  roots 
of  the  hairs,  are  not  so  in  the  hair  itself  of  several  animals. 
The  whole  of  the  hair  is  covered  with  an  epithelium,  which, 
when  treated  with  sulphuric  acid,  is  loosened  from  the  surface 
in  the  form  of  plates  or  layers  (fig.  111).  This  epithelium  con- 
sists of  flattened  cells,  fitting  closely  together,  and  thus  the 
bent  transverse  lines,  which  are  easily  distinguished  on  hair, 
are  found  where  these  cells  arc  joined  together.  The  cells 
immediately  below  these,  of  which  the  main  body  of  hair  is 
composed,  form  small  flat  plates  (fig.  112,  c)  or  fibres  (5), 
which  are  united  together  into  bundles  (a).  Of  the  cells 
which  were  situated  in  the  axis  of  the  hair,  in  most  cases 
only  traces  are  left  (fig.  113).  The  substance  of  which  hair 
chiefly  consists,  and  which  has  the  form  of  small  plates  or  fibres, 
is  called  the  cortical  matter  of  hair,  that  in  the  centre  the  me- 
dullary matter ; but  these  names  would  be  Uiore  properly  re- 
placed by  hair-tissue  and  medulla,  because  the  former  consti- 
tutes the  principal  part  of  hair.  The  latter  is  often  wanting, 
or  does  not  extend,  without  intermission,  through  the  whole 
length  of  the  hair.  The  exterior,  or  chief  substance  of  hair 
consists  of  parallel  bundles,  which  are  partly  placed  upon  one 
another.  When  a hair  is  put  into  strong  sulphuric  acid,  a 
little  rubbing  is  sufficient  to  detach  the  epithelium  in  the 
form  of  plates  (fig.  Ill),  and  the  ligamentary  substance,  by 
which  the  fibres  are  held  together,  is  dissolved  ; the  fibres 
separate  from  each  other  in  the  shape  of  bundles,  and  the  sur- 
face of  the  hair  becomes  rough.  By  continued  rubbing  these 
bundles  arc  divided  into  thinner  and  smaller  fibres  or  plates, 
a fact  which  leaves  no  doubt  that  they  are  small,  compressed, 
and  elongated  cells.  We  have,  however,  failed  in  the  attempt 
to  make  them  swell  into  distinct  cella 
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The  primary  fibres  of  hair  are,  according  to  van  Laer, 
a compound  of  protein  and  .sulphur,  viz. : — 

C40  H31  N5Q12S2 

Hair,  therefore,  contains  5 per  cent,  of  sulphur. 

The  substance,  by  which  it  is  supposed  that  these  fibres 
are  united  together,  cannot  be  obtained  separately ; for 
every  substance  employed  for  that  purpose,  would  decom- 
pose it.  It  is  probable  that  the  medullary  substance,  which 
forms  the  central  part  of  hair,  has  the  same  composition  as 
the  primary  fibres — since  this  medullary  substance  consists  of 
unaltered  hair-cells,  while  the  hair-fibres  are  produced  by 
the  simple  transformation  of  these  cella* 

* When  hair  (black  hair  from  the  human  head)  ia  kept  for  three  hours  in  po- 
tash disaolred  in  one  fourth  part  of  water,  It  has  a dark  appearance,  but  nothing 
can  yet  be  distinguished.  On  the  addition  of  water,  the  hair  becomes  transpa- 
rent and  the  edges  particularly  so;  at  some  spots  vesicular  swellings  arc  pro- 
duced, having  g^ranulsr  contents,  which  flow  out  and  arc  dissolved.  The  hair 
fibres  are  here  and  there  marked  with  elongated  dark  lines.  The  vesicular 
swellings  are  not  visible  on  all  hairs ; but  where  they  arc,  they  are  so  distinctly 
defined,  that  they  might  l>e  considered  as  cells,  filled  with  large  granules. 
When  more  water  is  added,  the  edges  of  the  hair  are  more  easily  distinguished 
from  the  tissue  underneath,  which  is  very  much  swollen,  and  these  appear  to 
consist  of  a number  of  layers,  placed  one  upon  another.  On  some  spots  plates 
become  detached  from  the  surface,  in  a longitudinal  direction  from  the  base 
towards  the  point ; — protruding  outwardly,  but  still  fixed  by  their  lower  part 

(fig.  no.  1). 

After  having  been  kept  for  four  hours  in  a strong  solution  of  potash,  they 
have  a dark  appearance,  but  are  not  swollen.  After  the  addition  of  water, 
they  swell  very  much,  and  the  epithelium  becomes  very  light  coloured  and 
traiLsparent. 

/fair from  tke  beard,  which  had  been  kept  for  four  hours  in  a strong  solution 
of  potash,  behaved  like  the  former.  When  water  is  added,  the  whole  swells 
very  much,  the  epithelium  is  tom  open,  the  contents  are  dissolved,  and  if  sul- 
phuric acid  is  now  quickly  added,  the  remaining  epithelium  becomes  quite  dis- 
tinct. This  epithelium,  which  consists  of  a protein-compound,  diOers  from  the 
epidermis  in  this,  that  the  plates  arc  not  expanded  into  cells. 

When  hair  from  the  beard  has  been  lying  in  strong  sulphuric  acid  for  two  hours 
and  a half,  it  has  become  rough  on  the  surface,  by  the  protuberance  of  the  epi- 
thelium, which  when  rubbed  becomes  detached  in  the  form  of  large  plates,  after 
which  the  transverse  lines  of  the  hair  may  be  distinctly  recognised  (fig.  Ill,  a). 
Bv  continued  rubbing  the  several  plates  of  epithelium  .ire  entirely  isolated  (b). 
By  pressure,  the  whole  of  the  epithelium  is  loosened  in  the  form  of  large  plates. 
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Van  Laer,  who  has  analysed  hair,  has  found  that  its  com- 
position is  represented  by  the  formula  C®®  N®  O^"  S^.* 
If  from  this  we  subtract  the  formula  of  the  sulpho-protein 
compound,  there  remains  N®  0®,  representing  the 

composition  of  the  supposed  binding  material;  a formula 
which  has  some  analogy  to  that  of  gelatine. 

I formerly  coincided  in  this  view  of  van  Laer.  Since 
the  other  horny  tissues  have  been  examined,  however,  and 


and  the  Bubstanoe  below  it  (secondary  hair-bundles,  fig.  112,  a)  is  divided  into 
fine  fibres  (5),  or  into  plates  (e),  which  are  somewhat  swollen  by  the  action  of 
the  sulphuric  acid. 

Black  hair  from  the  head,  which  has  been  kept  for  twenty-four  boor*  in  a 
strong  solution  of  potash,  appears  very  much  swollen  and  very  soft.  On  water 
being  added,  the  epithelium  and  the  tissue  of  the  hair  itself  float  away  and 
are  for  the  greater  part  dissolved,  without  assuming  the  cellular  form ; the 
medulla  is  left  behind  isolated,  appears  dark  by  transmitted  light,  and  presents 
a somewhat  cellular  structure  (fig.  113,  a).  Black  hair  from  the  beard,  kept  for 
twenty-four  hours  in  potash  ley,  presents  precisely  the  same  reactions  (fig. 
118,  6). 

In  the  skin  of  a full-grown  foetus  we  always  find  two  follicles  of  hair  (lannfo) 
placed  side  by  side ; the  hairs  originating  from  them  run  parallel,  then  cn» 
one  another,  and  pierce  through  the  epidermis  in  close  vicinity.  (Oonden 
and  Mulder.) 

* Van  Laer  in  Scheikund.  Onderz.  Deel  L p.  177. 
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my  knowledge  of  them  has  increased,  I am  of  opinion,  that 
SQch  a view  of  the  constitution  of  hair  does  not  admit  of 
defence.  For,  in  the  first  place,  chemical  reaction  never  gives 
any  indication  of  the  presence  of  such  a binding  material 
Secondly,  a microscopical  examination  of  hair  affords  no 
proof  of  the  existence  of  an  appreciable  quantity  of  such  a 
substance  Thirdly,  the  properties  of  hair  are  not  in  accord- 
ance with  the  presence  of  any  binding  material — for  instance, 
hair  is  not  affected  by  strong  acetic  acid,  which  acts  upon  all 
other  homy  tissues,  and  even  dissolves  several  of  them  com- 
pletely. Lastly,  every  property  of  hair  can  be  accounted  for 
in  a much  simpler  way,  namely,  by  giving  to  its  composition 
the  formula  2 N®  0*2)  S®,  which  represents  a mix- 

ture of  bi-  and  tri-oxide  of  protein,  in  which  five  equivalents 
of  oxygen  have  been  replaced  by  two  equivalents  of  nitro- 
gen, and  three  equivalents  of  sulphur,  in  this  manner — 

C80  H62  Nio 

= C<o  H31  N5  0^*  + C«  H31  N5  015 
= 2 (CIO  H81  N5  (012  N S))  S 

It  is  necessary  that  we  should  give  an  explanation  of  this 
view,  which  must  certainly  not  be  regarded  as  proved,  but 
seems  at  present  more  probable  than  any  other. 

First,  it  is  to  be  remarked,  that  protein  can  lose  an  equi- 
valent of  nitrogen  and  take  oxygen  in  its  place  ; for  we  know 
that  there  is  a combination,  which  contains  four  instead  of 
five  equivalents  of  nitrogen. 

Again,  the  reaction  which  chlorine  exercises  upon  hair,  is 
one  of  the  strongest  proofs  in  support  of  the  view  above  pre- 


* Thu  formala  completely  represents  the  compoBition  of  hair,  as  found  by 
analyaU. 
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senteA  The  form  of  the  hairs  remains  thereby  entirely  un- 
altered, and  they  lose  but  little  in  weight,  they  only  become 
brittle.  This  reaction  is  wholly  different  from  that  exercised 
by  chlorine  upon  horn  and  whalebone. 

When  a current  of  chlorine  is  passed  for  a long  time 
through  water,  in  which  hair  is  suspended,  chlorite  of  pro- 
tein is  produced.*  When  this  chlorite  of  protein  is  de- 
composed by  ammonia,  and  the  sal-ammoniac  produced  is 
extracted  with  alcohol,  the  remainder  is  tri-oxide  of  pro- 
tein, in  the  anhydrous  state.'}' 

This  chlorite  of  protein,  arising  from  the  action  of  chlo- 
rine upon  hair,  may  be  regarded  as  the  only  essential  product 
of  this  reaction.  Although  the  hairs  are  rendered  brittle  by 
this  operation,  they  retain  their  form  entirely.  Ifair  there- 
fore contains  a protein  compound,  which  by  the  action  of 
chlorine  loses  two  equivalents  of  nitrogen,  and  three  equi- 
valents of  sulphur,  in  the  place  of  which  two  equivalents  of 
chlorous  acid  (Cl  0^)  enter  into’ combination  with  two  equi- 
valents of  protein:  this  conversion  is  effected,  without  the 
form  not  only  of  the  hair  fibres,  but  even  of  the  whole  hair 
itself,  being  in  the  least  changed.  It  is  not  difficult  to  give 
an  explanation  of  this  conversion.  Two  equivalents  of  nitro- 
gen are  combined  with  six  of  hydrogen,  and  two  equivalents 
of  chlorine  with  six  of  oxygen.  Whilst,  therefore,  six  equi- 
valents of  water  are  decomposed,  chlorine  converts  hair  into 

• Van  Laer,  In  Schelkundige  Onderzockingen.  Dcel  I.  p.  160. 
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ammonia  and  the  chlorite  above-mentioned,  the  sulphur  being 
separated. 

When  hair  is  dissolved  in  a weak  solution  of  potash,  and 
the  liquid  then  mixed  with  a little  acetic  acid,  protein  is 
precipitated,  but  in  so  very  small  a quantity  that  it  can- 
not be  considered  as  an  essential  constituent  of  hair. 
When  this  protein  is  removed  and  an  excess  of  acetic 
acid  then  added,  a precipitate  is  obtained,  which  is  bi- 
oxide of  protein,  C*®  H®!  N®  0^^.  The  oxygen  of  the  potash 
replaces  the  sulphur  of  the  hair,  and  for  every  equivalent 
of  potash  (Ka  0)  one  equivalent  of  sulphuret  of  potassium 
(Ka  S)  is  produced,  and  thus  oxygen  is  liberated,  to  form 
oxide  of  protein.  This  is  also  explicable  on  the  view  which 
I entertain  of  the  composition  of  hair,  as  mentioned  before, 
with  this  exception  that  it  does  not  explain  what  becomes  of 
the  two  equivalents  of  nitrogen.  If  these  arc  converted  into 
ammonia  (which  is  actually  expelled  during  this  decomposi- 
tion) by  the  simultaneous  decompo.sition  of  water,  then  there 
remains  an  excess  of  oxygen — for  whilst  the  six  equivalents 
of  hydrogen,  required  for  producing  ammonia,  are  taken  up, 
six  equivalents  of  oxygen  are  liberated.  Now,  the  three 
equivalents  of  sulphur  contained  in  the  hair  lilicrate  three 
equivalents  of  oxygen  from  three  equivalents  of  potash,  and 
as  only  four  equivalents  of  oxygen  are  required  to  convert 
the  whole  of  the  protein  into  bi-oxide  of  protein,  five  equiva- 
lents of  oxygen  are  left,  which  cannot  be  accounted  for,  and 
therefore  require  to  be  further  sought  after. 

As  regards,  finally,  the  protein  compound,  which  contains 
four  equivalents  of  nitrogen  instead  of  five,  we  must  consider 
that  bi-oxide  of  protein, — not  only  that  obtained  from  hair, 
but  also  that  which  appears  to  exist  in  horn  ready  I'ormcd, 
and  which  is  easily  produced  from  whalebone, — undergoes  an 
im]Kirtant  change  through  the  influence  of  chlorine.  W’heu 
protein  is  thrown  down  by  a little  acetic  acid  from  a solution 
of  hair  in  potash  ley,  and  a current  of  chlorine  is  then  passed 
through  the  liquid,  holding  bi-oxide  of  protein  in  solution,  a 
precipitate  is  obtainefl,  which  consists  of  Nl  -1- 
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Cl  03.*  This  substance  differs  from  protein,  both  by  its  con- 
taining chlorous  acid,  and  also  by  having  five  equivalents  of 
oxygen  more  and  one  equivalent  of  nitrogen  less.  It  is  pro- 
duced from  the  bi-oxide  of  protein,  by  the  decomposition 
of  water  and  the  formation  of  ammonia,  in  the  following 
manner: — 

C<0  H3i  N5  -I-  H3Q3  = 1131  N4  QH  + N H » 

The  first  of  these  two  combines  with  chlorous  acid.  Cl  0*, 
and  the  ammonia  unites  with  the  hydrochloric  acid,  which 
is  present  in  the  solution,  to  form  sal-ammoniac  (N  H*  Cl). 

Although  this  sul>stance  is  an  artificial  product,  it  is  never- 
theless of  importance  to  our  knowledge  of  protein,  l>ecatise 
it  suggests  the  possibility,  that  protein  may  absorb  more  oxy- 
gen and  lose  part  of  its  nitrogen  ; and  a.s  in  this  very  way 
it  may  happen  in  the  organism,  that  protein  disappears  from 
the  animal  body,  viz.,  by  absorbing  oxygen,  it  is  possible,  that 
the  last-mentioned  substance, — certainly  free  from  chlorous 
acid, — may  exist  in  the  products  of  disease. 

When  hair  is  boiled  in  dilute  sulphuric  acid,  it  is 
changed  intohumateof  ammonia,  and  formic  acid  is  expelled 
during  boiling ; which  is  the  same  change  that  protein 
undergoes  by  putrefaction,  as  mentioned  in  p.  47.  By  hydro- 
chloric acid  it  is  converted  into  humate  of  ammonia  and  sal- 
ammoniac  ; by  nitric  acid  into  xantho-proteic  acid.  Hair  re- 
sists the  action  of  strong,  boiling  acetic  acid,  in  which  respect 
it  differs  from  the  other  protein  compounds — from  fibrin, albu- 
men, and  casein,  and  also  from  whalebone,  horn,  and  epidermia 
By  boiling  water,  even  In  Papin’s  digester,  hair  is  long  left 
unchanged  ; when  at  last  decomposed  in  this  manner,  a red- 
coloured  extract  occurs  among  the  other  products,  which  are 
yet  but  imperfectly  known. 


* Van  laer  in  Scheik.  Onderz.  Dccl  I.  p.  171. 
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It  would  appear  that  the  colour  of  hair  is  not  caused  Ly 
any  peculiar  substance. 

Hair  from  various  animals  (wool,  &c.)  differs  by  small  ad- 
mixtures, but  the  chief  constituents  are  the  same  in  all. 


Since,  then,  on  the  one  hand  the  composition  of  the  epi- 
dermis and  of  the  nails  is  so  similar  to  that  of  hair,  and  on 
the  other  hand,  there  are  such  material  differences  in  their 
properties, — the  latter,  for  example,  being  almost  insoluble 
in  strong  acetic  acid,  in  which  the  two  former  are  readily 
soluble, — the  constitution — the  composition  of  hair  must  ma- 
terially differ  from  that  of  horn  and  whalebone  Scheerer’s 
conclusion,  therefore,  that  they  are  all  identical,  is  incorrect 
For  the  sake  of  comparison,  I append  the  results,  obtained 
by  the  analysis  of  each  of  these  bodies.* 

In  consequence  of  what  has  been  said  before,  I think  that 
there  are  grounds  for  the  present  to  assume  for  these  sub- 
stances the  following  formulae : — 

Whalebone, Cso  H62  Nio  0*8  S* 

Hair,  2 (C«  H3i  N5  (Oi*  N S))  S 

Horn,  2 (G«  H«i  N5  S)  d-  N H* 

Nails  of  cows  and  ) C«>  Rsi  NS  (Qi*  N*) 

horses,  i + 2 (C<o  H3i  NS  (Qi*  S*)). 

It  is  as  yet  impossible  to  detennine  in  what  manner  the 
atoms  of  sulphur  are  arranged,  and  I shall  willingly  give  up 
the  above  theoretical  view  for  any  one  that  is  better.  I be- 
lieve, that  at  present  it  gives  a simple  e.xplanation  of  what  it 
is  intended  to  explain.  We  must,  however,  regard  our  know- 
ledge of  these  bodies  as  yet  in  its  infancy.  Any  one  who 
should  take  this  view  as  a proof,  that  1 regard  protein  as  a 
radical,  would  incur  the  reproach  of  having  forgotten  that 
I have  often  insisted,  and  do  here  again  insist  upon  the 
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complex  nature  of  protein  (p.  309).  It  is  my  opinion,  that 
one  of  the  several  incmliers  that  constitute  this  group,  and 
not  the  whole  group,  changes  its  comjKisition,  taking  up  oxy- 
gen, or  sulphur,  or  nitrogen.  In  the  same  manner  we  desig- 
nate benzoic  acid  by  the  formula  II®  0-  -J-  O,  but  surely 
nobody  will  be  so  devoid  of  chemical  sense,  as  to  imagine  that 
the  elements  of  this  combination  are  really  thus  arranged. 

There  is  one  additional  conclusion  to  lie  drawn  from  what 
has  been  mentioned  here,  viz.,  that  in  all  these  tissues  which 
consist  of  unchanged  cells,  we  find  bi-oxide  of  protein  as  the 
proto-tyjMj,  which  tends  to  confirm  what  has  been  said  at  p. 
488,  on  the  membranes  of  animal  cells. 

If  the  composition  of  horny  tissues  is  actually  that  which 
we  have  stated,  then  it  will  be  unnecessary  to  enter  into  any 
further  explanation  of  their  production,  after  what  we  have 
said  at  page  341,  regarding  the  presence  of  bi-oxide  of  protein 
in  the  blood. 

As  to  the  source  whence  the  sulphur  of  these  tissues  is 
derived,  this  is  easily  explained.  Sulphur  and  phosphorus 
are  constituents  of  the  protein  compounds,  which  exist  in 
the  vegetable  or  animal  food,  and  thus  both  enter  into  the 
body.  Now,  as  in  every  respiration,  a small  quantity  of  these 
compounds  of  protein,  sulphur  and  phosphorus  is  consumed, 
and  oxide  of  protein,  &c.  is  produced,  phosphoric  acid  must 
be  formed  at  the  same  time,  and  sulphur  must  be  set  free. 
The  phosphoric  acid  combines  with  some  alkali  that  is  pre- 
sent, and  forms  an  alkaline  phosphate,  which  is  discharged  in 
the  urine.*  The  sulphur  contained  in  these  tissues,  is  there- 
fore to  be  traced  directly  to  the  sulphur,  which  is  continu- 
ally supplied  as  food  along  with  the  protein. 

It  would  appear  that  this  sulphur,  like  the  nitrogen,  may 
replace  part  of  the  oxygen  of  the  protein  compound,  but  that 
in  some  it  actually  behaves  as  sulphuret  of  ammonium,  in  so 
far  that  this  salt  evaporates  by  exposure  to  the  air  so  as  to 
impart  its  smell  to  the  tissue,  and  to  make  it  have  the  same 
reaction  upon  metallic  salts  as  sulphuret  of  ammouiunt 

* This  cannot  be  generally  the  case,  inasmuch  a«  the  urine  of  herUT»- 
rous  nniinala  rarely’  contains  any  considerable  quantity  of  |>boepborie  add. — J. 
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HU.  Tortoise-Shell. 

This  remarkable  tissue,  which  may  be  called  an  epithelium 
of  the  shell  of  the  tortoise,  is  intimately  connected  with  those 
we  have  been  treating  of.  It  consists  of  flat,  densely  packed 
and  compressed  cells  (fig.  114  and  115),  which,  however, 
resume  with  great  difficulty  the  cellular  form  in  which  they 
appeared  when  newly  developed.  A nuinher  of  these  flat- 
tened cells  arc  united  into  a plate,  and  a great  quantity  of 
such  plates  are  piled  upon  each  other.* 

* Tortoiee-shtU,  cut  parallel  to  the  mtemal  Hurrace,  preecuts  curved  Unea, 
mnniii^  irregularly.  On  a tranorente  section  we  see  some  small  plates  over- 
lying  each  other,  and  these  plates  arc  marked  with  a large  number  of  dark, 
carved  lines.  When  pressed,  these  little  plates  recede  from  each  other;  and 
every  one  of  them  presents  traces  of  straight  lines,  whence  they  u]>pear  to 
consist  of  still  thinner  plates.  A longitudinal  section  preseuts  these  thicker 
plates  likewise. 

After  a section,  taken  parallel  to  the  surface,  has  been  kept  in  a strong  solu- 
tion of  potash  for  six  hours,  it  presents  here  and  there  oblong  outlines,  and 
long  dark  lines.  The  addition  of  water  pro<lucos  no  visible  change.  The 
pieces  are  still  hard,  and  hence  the  action,  exercised  by  potash  upon  this  tissue 
for  six  hours,  is  insuRicient  to  soften  it. 

After  a transverse  section  has  been  kept  in  potash  Icy  for  an  cijual  period, 
nothing  particular  can  be  discovered.  When  water  is  addcsl,  it  becomes  clearer 
and  the  lines  arc  far  more  distinct.  They  arc  placed  close  together,  interrupted 
and  interwoven  at  short  mutual  distances.  On  the  edges  of  the  pieces  small 
plates  give  way,  which  are  veiy  transparent,  and  gradually  lose  their  angular 
appearance.  On  the  surface  of  a piece  these  lines  have  the  ap]>earance  of 
meshes,  in  the  same  manner  as  in  whalebone,  Ac. 

Pieces,  taken  parallel  to  the  surface,  after  being  kept  in  strong  sulphuric  acid 
for  six  hours,  have  become  vory  gelatinous,  swollen  and  transparent,  having 
sharply  dcBned,  curved  lines,  at  great  distances  from  one  another.  It  is  only 
with  difficulty  that  by  pressure  wo  can  loosen  some  fragments.  The  addition  of 
water  produces  only  a slight  change. 

When  a very  thin  transvcisc  section  bos  liccn  kept  in  a strong  solution  of 
potash  for  U hours,  and  water  is  then  added,  it  presents  the  ap|>caranco  of 
cellular  structure;  the  cells  arc  elliptic,  and  still  a little  angular;  they  partly 
cover  one  another,  and  do  not  separate,  and  hence  they  take  the  ajipcarancc  of 
a net-work  with  oblong  meshes  (fig.  IH). 

After  having  been  kept  in  a strong  potash  solution  for  48  hours,  on  water 
being  then  added,  beautiful  globular  cells  make  their  ap|icarancc  (fig.  116), 
having  a light-brownish  colour,  no  kcrnel.s,  but  somewhat  granular  con- 
tents, which  do  not  completely  disappear  by  the  prolonged  action  of  water. 
The  cells  become  now  isolated,  and  we  perceive  between  them  a small  quantity 
of  a granular  substance. 
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Tortoise-shell,  when  analysed  in  its  natural  state,  leaves 
half  a per  cent,  of  ash,  and  has  the  composition  given  below.* 

When  boiled  in  acetic  acid,  it  becomes  gelatinous,  and  if  it 
is  then  diluted  with  water,  filtered,  and  carbonate  of  ammonia 
added  to  the  solution,  an  abundant  iloccy  precipitate  is  pro- 
duced. When  a saturated  solution  in  acetic  acid  is  filtered 
while  warm,  a white  precipitate  also  subsides  by  simple  cool- 
ing, and  the  liquid  remains  milky.  The  addition  of  basic 
acetate  of  lead  to  the  clear  solution  in  acetic  acid  produces 
an  abundant  white  precipitate. 

After  being  treated  with  strong  boiling  acetic  acid,  a large 
portion  of  the  tortoise-shell  is  left  undissolved. 

It  is  soluble  in  potash-ley,  and  a small  quantity  of  acetic 
acid  added  to  the  solution  produces  a white  precipitate, 
which  resembles  the  second  precipitate  mentioned  above  in 
this  respect,  that  it  adheres  strongly  to  the  glass  and  is  very 
coherent  itself,  as  if  it  were  a resinous  substance.  When 
more  acetic  acid  is  added,  the  quantity  of  the  precipitate  is 
not  increased. 

The  chemical  properties  of  tortoise-shell  I have  not  fur- 
ther examined.  It  appears,  however,  from  the  above,  that  it 
differs  from  all  other  horny  tissues. 

II.  Gelatinotu  Tistw. 

As  there  exists  in  plants  a fundamental  substance,  ot 


Tortoiac-ehell,  when  kept  in  Rtrong  salphuric  seid  for  six  monthe,  ha*  the 
tame  appearance  as  that  which  has  l>een  in  potash  ley  for  24  hours.  The  ceB* 
arc  still  not  separated  from  one  another,  but  cohere  together,  althosgh  they 
are  swollen.  Between  the  swollen  cells  we  perceirc  contlnuons  ranalt,  with 
brownish  contents. 

When  kept  in  nitric  acid  for  six  months,  nearly  the  whole  Is  dissolred,  only 
a few  shapeless  bagments  remaining.  (Dondcis  and  Mulder.) 

* Treated  with  ether  and  alcohol,  and  dried  at  26S*  F. : — 
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which  both  the  cells  themselves  and  the  parts  formed  from 
cells  are  built  up  (cellulose),  so  the  animal  body  contains  a 
universal  material,  which  we  have  distinguished  before  by 
the  name  of  gelatinous  substance  (p.  319).  We  have,  how- 
ever, already  made  the  remark,  that  unlike  the  cellulose  in 
plants,  it  is  not  the  compound  from  which  the  original  cells  of 
the  animal  body  are  built  up  (p.  320). 

But  the  doctrine  of  tissues  teaches  us,  that  it  is  by  no 
means  proper  to  class  together  all  the  parts  of  organs  that 
produce  glue  by  boiling.  Like  cellulose  in  plants,  the  gela- 
tinous substance  in  animals  assumes  different  forms,  and 
unites  with  other  substances  to  form  tissues  of  an  entirely 
peculiar  character. 

We  meet  as  a chief  constituent  of  the  organism,  a tissue 
consisting  mainly  of  gelatinous  substance  and  of  Ugamentary 
tissue,  formerly  called  cellular  tissue,  which  unites  together 
the  component  parts  of  almost  all  organs.  When  duly  de- 
veloped, however,  it  does  not  consist  of  what  may  be  called 
cells,  any  more  than  the  spiral  vessels  of  plants  are  to  be 
called  cells  (see  p.  100).  It  is  composed  of  thread-like  little 
cylinders,  running  in  a vermicular  direction  (hg.  116  and 
124),  and  in  most  cases  united  into  bundles  by  means  of 
a binding  material,  which  is  either  shapeless  or  granular. 
These  bundles  are  again  collected  into  larger  bundles  or 
membranes,  of  which  the  threads  are  distributed  either  in 
every  direction  through  one  another,  as  is  the  case  in  the 
skin  and  in  the  so-styled  cellular  tissue  below  the  skin  ; or 
parallel  to  each  other,  as  in  the  tendons,  and  in  many  serous 
and  fibrous  membranes.  Acetic  acid  renders  these  threads 
transparent  and  gelatinous  (fig.  121,  1).  Some,  after  being 
treated  with  acetic  acid,  appear  involved  with  other  threads, 
bending  over  the  surface  of  the  former  in  various  directions, 
which  are  most  frequently  spiral,  but  sometimes  completely 
circular.  Between  the  threads  of  the  ligaincntary  tissue 
some  others  are  visible,  running  often  parallel  to  them  (fig. 
121,  2),  which  are  also  not  rendered  gelatinous  by  acetic 
acid,  and  seem  not  to  differ  from  the  involving  threads. 
These  parallel  ones  are  in  every  respect  similar  to  clastic 
tissue. 
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This  alono  is  a sufficient  reason  why  the  composition  of 
the  gelatinous  tissue  cannot  be  regarded  as  a simple  one,  and 
cannot  possibly  be  entirely  identical  with  that  of  gelatine 

The  fact,  therefore,  that  Scheerer  has  obtained  the  same 
results  by  the  elementary  analysis  of  tendons,  &e,  as  I got 
from  gelatine  (p.  322),  shows  the  limits  of  the  accuracy  of 
elementary  analyses.  Scheerer  has  analysed  a mixture  of 
ligamentary  tissue,  interwoven  with  a little  elastic  tissue.* 
The  loose  cellular  tissue,  which  holds  the  secondary  bundles 
of  tendons  together,  contains  also  vessels  and  fat  tissue,  of 
which  the  cell-walls  are  left  behind. 

It  is  difficult  to  ascertain  the  real  composition  of  ligamen- 
tary tissue,  as  it  exists  in  the  organism,  because  there  is  not 
one  tissue  in  which  it  is  present  in  a comj>letely  pure  state. 
All  we  know  about  it,  however,  concurs  in  inducing  us  to 
assign  to  it  the  same  formula  as  to  gelatine,  viz.,  II’® 
N2  05. 

It  has  the  same  properties  as  gelatine,  except  that  it  is  in- 
soluble in  cold  water,  and  is  entirely  converted  into  gelatine 
by  boiling.  Of  this  gelatinous  tissue,  there  are  two  varie- 
ties, the  shapeUu,  and  that  which  has  a definite  form. 

The  former  is  composed  either  of  bundles,  united  together 
like  a net,  or  of  thin  plates,  which  form  cavities  coher- 
ing together,  but  leaving  large  apertures  between.  This 
is  the  variety  which  unites  the  skin  with  the  muscles 
that  bind  together  the  secondary  bundles  of  muscles,  those 
of  the  nerves,  and  tendons,  and  the  lobes  of  the  glands, 

* Winkler  ha»  made  analyMSi  of  the  tendons  of  a cow,  prcviouxl>'  treated 
with  cold  water  and  boiled  with  alcohol  and  ether,  (Sebeik.  Underz.  Decl  IIL) 
and  obtained 

C 49.68 

H 6.64 

N 17.94 

0 25.74 

— which  in  nearly  iho  compoeition  of  gelatine.  Although  thenumlier  of  da*tk 
threads  in  tendons  is  hut  small,  they  nevertheless  exist.  Tho  al>ovc  rewIt 
shows  satisfactorily,  that  Scheerer  has  obtained  too  much  hydrogen,  and  that 
what  ho  has  asserted  in  Canstatt’s  Jahreslericht  is  incorrect.  With  regard 
to  the  gelatinous  tissue,  wo  would  further  refer  to  what  has  been  mentbwed 
before,  page  820. 
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and  which  we  have  just  designated  by  the  name  of  ligamen- 
taiy  tissue.  In  this  tissue  the  fat  cells  are  enclosed. 

The  latter,  or  that  with  a definite  form,  is  subdivided  into 
two  kinds,  one  contractile,  and  the  other  not  contractile. 
Those  Ijelonging  to  the  first  kind,  are  the  skin,  more  especi- 
ally that  of  the  scrotum,  the  corpora  cavernosa,  the  longi- 
tudinal and  annular  skin  of  the  veins  and  lymphatic  vessels. 
Besides  the  threads  of  ligamentary  tissue,  they  contain  also 
those  of  elastic  tissue,  in  greater  number  than  the  non-con- 
tractile  kind.  To  the  latter  class  belong  the  tendons — which 
consist  of  bundles  running  parallel  to  each  other,  and  united 
together  by  a looser  tissue,  having  the  same  chemical  pro- 
perties as  the  tendons  themselves ; also,  the  ligaments, 
which  arc  of  a similar  structure — e.Kcluding,  however,  the 
elastic  or  intervertebral  ligaments — the  cartilages  between  the 
joints,!?)  the  fibrous  membranes — to  which  belong  the  sclero- 
tica which  covers  the  kidneys,  the  ovaries,  the  spleen,  &c. — the 
dura  mater,  the  membrana  tympani,  the  valvules  of  the  veins, 
the  lymphatic  vessels  and  the  heart,  the  ncurilema,  the  fas- 
ciae of  the  muscles,  the  periostium  and  perichondrium, 
the  tunica  nervea  of  the  intestines,  &a,  the  serous  mem- 
branes, the  pia  mater  and  choroidea.  The  latter  are,  com- 
paratively speaking,  intermixed  with  much  smaller  quantities 
of  threads  of  elastic  tissue.  This  tissue,  however,  seems  to 
be  never  anywhere  wanting.* 

* Loo«e  ceUular  tit»ue  between  the  musdet  of  the  thigh  of  afulbgrown  man. — 
It  presents  ver;  long,  6nc  and  bent  tiiuucs,  running  parallel  and  united  into 
bandies  (fig.  116).  When  put  into  aectie  acid,  they  swell  very  much,  and  be- 
come very  pale,  and  even  invisible.  Flcrc  and  there  they  alternate  with  fibres 
of  elastic  tissue,  which  arc  very  lung  and  run  in  all  directions,  sometimes  even 
entirely  straight.  A single  bundle  of  the  ligamentary  tissue  presents  three 
globular  parts,  placed  in  contact  with  one  another,  and  united  by  mutual  con- 
tractions. There  arc,  therefore,  three  circles  of  clastic  tissue  rolled  round  the 
thread. 

After  having  been  kept  for  four  hours  in  a strong  potash  Icy,  no  change  has 
taken  place  ; only  here  and  there  a little  fibre  is  seen  with  granular  swellings. 
By  the  addition  of  water,  the  whole  Is  dissolved,  except  a few  long,  thin,  and 
bent  threads  of  clastic  tis.sue  (fig.  117). 

Loo»e  cellular  lUmie  below  the  fascia  lata  of  the  thigh,  Iwing  kept  in  potash 
for  five  hours,  presents  elliptic  apertures  inclosed  on  all  sides  by  a thick 
rim.  The  edges  consist  of  some  distinct  fibres,  whereas  in  the  elliptic  spaces. 
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All  these  kinds  of  ligamentary  or  gelatinous  tissue  origi- 
nate from  little  globules,  with  a kernel  in  which  one  or  two 
nucleoli  are  to  l>e  seen.  The  cells  formed  from  these  are 
elongated  in  two  directions,  and  are  thereby  converted  into 

gnnuUr  contcuU  are  found  (fig.  118).  On  the  addition  of  water  the  elliptM 
apertures  disappear  firvt,  and  Bub.scquently  the  whole  tUaue,  and  after  erny- 
thing  cl»c  U dissolved,  there  remain  long,  slender,  transparent,  and  curled 
fibres,  of  elastic  tissue. 

The  external  lateral  ligament  of  the  suh-maiillar;  joint,  haring  been  kept 
for  six  hours  in  potash,  presents  the  same  appearance  as  the  ligamentarr  tissua 
below  tl>o  fascia  just  mentioned.  After  the  addition  of  water,  elastic  fibres 
again  make  their  appearance. 

7he  sh'n  of  the  thigh  of  a fuU-grown  man,  kept  four  hoars  in  weak  acetie 
acid. — The  fibres  of  the  cellular  tissue  below  that  part  of  the  epidermis  whidi  ’ 
contains  kernels,  hare  become  swollen  and  very  transparent.  Fine,  bent,  short, 
and  clastic  fibres  are  visible,  and  they  become  stronger  and  longer  in  proportion 
as  they  arc  seen  farther  from  the^surface  (fig.  119).  By  their  manifold  rami- 
fications and  reflections  they  there  form  a net,  of  which  the  meshos  are  quit* 
transparent,  and  filled  with  the  swollen  cellular  tissue.  At  a greater  depth  th« 
threads  become  longer,  thicker,  less  in  number,  and  leave  wider  spaces  be- 
tween them,  in  which  fat  tissue  is  placed.  Here  arc  situated  the  perspiration 
glands,  of  which  the  spiral  excretory  tubes  penetrate  the  skin ; and,  further, 
the  sebacic  glands  and  the  follicles  of  the  hairs. 

After  having  been  kept  in  potash  for  fifty  hours,  on  water  being  added, 
there  remains  a large  numlier  of  elastic  fibres,  which  are  broader  than  tbost 
which  we  saw  in  the  tendons  and  in  other  parts,  but  exhibit  their  peculiar 
curlings  and  ramifications. 

The  tkin  of  a fatue  kept  in  a strong  solution  of  potash  for  seven  boors. — 
Nothing  distinct  can  be  seen.  After  water  has  been  added,  there  remain  at- 
tached to  part  of  the  edge  of  the  little  object,  a number  of  elastic  fibres  united 
with  one  another  in  the  sha|ie  of  a net.  In  the  middle  of  this  |«rl,  as  ia  the 
cellular  tissue  below  the  fascia,  we  observed  roundish  apertures,  defined  by 
thick  rims.  In  these  apertures  dark  coloured  contents  are  found,  w hich,  afl« 
being  somewhat  more  difl'uscd  through  and  .acted  upon  by  the  water,  are  divided 
into  a granular  substance  and  afterwards  dissolved. 

The  skin  of  a foetus,  kept  in  acetic  acid,  presents  thin  elastic  fibres,  which 
are  usually  very  short,  being  swollen  in  some  parts,  which  arises  from  the  ker- 
nels out  of  which  they  have  been  formed. 

The  tolid  hundlee  of  the  faeeia  lata  of  the  thigh,  after  having  been  kej*  ia 
potash  for  six  hours,  present  fine  fibres,  running  vermicnlartv  ar.d  prralki  to 
each  other,  upon  which  arc  placed  at  right  angles  broad  and  ,rans(«resil 
bundles,  which  appear  to  be  onelosod  in  little  tubes. 

The  vermicular  fibres  of  the  fascia  belong  to  the  clastic  tissue.  They  may  be 
aoparatctl  from  each  other  by  tearing  them,  and  then  very  broad  fibres  are 
obtained.  After  they  have  liccn  treated  with  potash  for  fifty  hours,  aud  watv. 
has  been  added,  the  elastic  fibres  alone  remain. 
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thread  bundles,  from  which  tlie  cell  kernels  at  last  disap- 
pear. (Schwann.)  According  to  Henle,  however,  it  is  not 
proved  that  these  threads  have  previously  been  perfect  cella 
On  the  contrary,  he  thinks  it  more  probable  that  the  elastic 


A tmntrfrue  section  of  the  (dried)  tendon  of  the  semitendinosus  (fig.  120) 
pregcntsi,  after  water  haa  been  added,  secondary  bundles  of  tendons  of  variable 
size  (1),  held  together  by  a loose  eellular  tissue  (2),  having  a granular  inter- 
cellubr  substance.  In  this  loose  eellular  tissue  we  perceive  sections  of  blood- 
vessels (3),  around  which  chiefly  fat-tissue  (4),  is  found.  Every  secondary 
bundle  presents  a great  number  of  elongated  little  points,  at  regular  distances 
from  each  other;  these  points  are  the  sections  of  the  threads  of  elastic  tissue. 

A longitudinal  section  made  through  the  centre  of  the  tendon  of  the  dried 
aemitendinosus  presents  transparent  bundles,  running  parallel  to  each  other, 
consisting  of  thin  bundles  of  tendons,  bent  in  a vermicular  direction,  and  alter- 
nating with  untransparent  fibres.  On  the  addition  of  acetic  acid,  the  whole 
becomes  very  transparent,  and  the  parallel  bundles  of  tendons  (fig.  121,  1),  are 
BOW  scarcely  visible ; they  are  much  broader  than  before  acetic  acid  was  added. 
A great  number  of  clastic  fibres  arc  visible,  cither  bent  vermicularly  or  almost 
straight,  at  tolerably  regular  distances  from  each  other  (fig.  122,  2). 

The  tran-sverse  section,  when  treated  with  potash,  shows  distinctly  a di™ion 
of  the  secondary  bundles  into  smaller  ones ; each  of  the  former  consisting  of 
six  to  eight  primary  bundles.  The  latter  are  united  together  by  a shapeless 
ligamentary  substance,  of  which  a thicker  layer  is  found  between  the  com- 
pound bundles  just  mentioned.  The  kernel  fibres  become  at  the  same  time 
very  distinct — being  the  only  part  that  remains  after  a protracted  action 
of  potash  and  addition  of  water. 

The  swelling,  which  the  transverse  sections  undergo  by  the  action  of  acetic 
acid,  and  the  subsequent  swelling  of  the  fibres,  especially  in  breadth,  haa  the 
eflfect  of  turning  the  terminal  parts  and  forming  swollen  bundles,  of  which  the 
breadth  is  equal  to  the  thickness  of  the  swollen  object.  The  clastic  fibres  are 
placed  at  right  angles  to  the  length  of  these  bundles  (fig.  122).  The  bundles 
represented  by  a thinner  transverse  section,  arc  themselves  thinner  also  (fig. 
123).  Now,  as  these  bundles  present  nothing  except  parallel  elastic  fibres, 
similar  to  what  arc  seen  on  the  longitudinal  section  (fig.  121,  2),  and  neither 
transverse  bundles,  nor  threads,  nor  lines.  It  follows  that  the  primary  bundles 
of  tendons  are  neither  enclosed  in  tubes  nor  divided  into  groups,  but  arc  so 
much  squeezed  together  in  consC(|uencc  of  their  swelling  in  acetic  acid,  that 
they  seem  to  form  one  single  mass.  It  would  appear,  however,  that  the  fibres 
have  a more  firm  connection  in  one  place  than  in  another,  because  a number 
of  these  bundles  become  detached  in  mass. 

It  follows,  therefore,  from  this  observ  ation,  that  the  larger  and  smaller  bundles 
of  tendons  arc  not  surrounded  by  membranaceous  integuments  of  a peeuliar 
composition,  but,  probably,  by  a layer  of  the  same  gelatinifcrous  matter  which 
constitutes  the  primary  threads  of  the  tendons,  and  that,  therefore,  the  aecon. 
dary  bundles  of  tendons  consist  only  of  gelatinifcrous  tissue,  excluding  the 
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fibres  which  are  so  intimately  interwoven  with  the  gelatinous 
fibres,  are  formed  from  the  cell-kernels,  and  that  a bundle  of  * 
ligamentary  tissue  is  produced  from  the  imperfectly  developed 
cell  to  which  that  kernel  belongs.  This  view,  if  really  in 
accordance  with  nature,  would  beautifully  illustrate  the  close 
connection  existing  between  threads  of  gelatinous  and  elastic 
tissues.  I have,  however,  not  matle  any  observations  myself 
on  this  point. 

The  ligamentary  tissue  is  stated  to  hold  the  lowest  rank 
among  the  vascular  tissues,  because  it  is  the  one  that  takes 
the  smallest  share  in  the  animal  functions ; but  on  the  other 
hand,  it  is  quickly  re-produced  when  deprived  of  part  of  its 
substance.  Such  a rapid  re-production  in  a disea.sed  state 
indicates  a great  activity  in  its  healthy  condition  ; and  this 
reproduction  takes  place  much  more  rapidly  than  is  usually 
supposed.  It  even  takes  the  place  of  several  other  tissues  that 


threads  of  clastic  tissue  which  they  contain.  In  the  cellular  tissue,  however, 
by  which  the  secondary  bundles  arc  united  together,  there  exist  in  addition 
blood-vessels  and  fat-tissue. 

The  Bbres  of  a fresh  tendon  arc  often  regularly  wrinkled  (fig.  liM),  and  are 
in  all  other  respects  similar  to  those  of  loose  cellular  tissue. 

In  examining  the  fibres  of  the  tissue  of  the  tendons  a solution  of  corrosive 
sublimate  and  tannic  acid  arc  especially  fitted  to  make  lliem  distinctly  risible. 
Alcohol  will  serve  the  same  purpose. 

Fibres  of  the  tissue  of  tendons,  when  swollen  by  acetic  acid,  return  to 
their  former  shape,  after  the  acid  has  l>ccn  neutralised  with  ammonia. 

Ligamentum  tacro-lnhcrofum, — a ligament  consisting  of  real  ligamentary 
tissue,  according  to  the  opinion  of  the  present  time,— after  having  U'cn  kept 
for  fifty  hours  in  a strong  solution  of  potash,  has  become  a shapeless  tissue 
The  slender  threads  protruding  from  various  spots,  have  the  appearance  of  a 
pearl  necklace,  consisting  of  little  globules  placed  at  certain  regular  distances 
(fig.  125).  The  potash,  therefore,  has  acted  dillerently  upon  different  parts 
of  the  thread,  in  comscqucnce  of  which  some  parts  are  dissolved  with  ease, 
and  others,  placed  alternately  between  the  former,  with  much  more  difficulty. 
On  the  addition  of  water,  the  greater  part  of  these  fibres  disappear,  and  the 
little  l)odics  which  have  assumed  the  appearance  of  globules,  remain  loose  and 
irregularly  mixed.  The  subsequent  addition  of  strong  acetic  acid  makes  the 
whole  shrink,  which  is  a proof  that  some  fibres  arc  still  left  concealed. 

It  would  apiicar,  therefore,  that  there  are  two  different  substances  contained 
in  this  ligament,  and  hence  it  deserves  a oloaer  investigation.  (Douders  and 
Mulder.) 
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may  have  disappeared,  and  is,  therefore,  much  more  rapidly 
reproduced  than  these.  With  these  reproductions,  however, 
are  not  to  be  confounded  the  pseudo-membranes  of  the  serous 
membranes,  which  appear  to  consist  of  bi-oxide  of  protein,  at 
least  until  they  have  reached  a certain  stage  of  development* 

We  have  already  mentioned  that  the  gelatinous  tissue  is 
not  a primary  one.  The  skin  of  a foetus  does  not  yield  gela- 
tine. Even  after  a boiling  of  twenty-four  hours,  its  fibres  are 
not  yet  dissolved  ; that  which  is  dissolved  is  called  pyine,  and 
its  properties  are  the  same  as  those  of  tri-oxide  of  protein,  the 
same  substance  which  exists  in  pns  ;-f- — the  undissolved  part  is 
probably  elastic  tissue.  In  the  bony  tissue  it  is  first  chon- 
drin,  and  subsequently  it  becomes  gelatinous  tissue.  (See 
Bony  Tissue.) 

It  would  appear,  therefore,  that  the  substance  from  which 
the  ligamentary  tissue  in  the  foetus  is  produced,  is  oxide  of 
protein,  and  it  is  likely  that  such  a process  takes  place 
throughout  lifetime,  in  the  reproduction  of  the  absorbed 
ligamentary  tissue.  The  manner,  however,  in  which  this  is 
effected  is  not  known,  for  no  connection  has  yet  been  found 
to  exist  between  oxide  of  protein  and  gelatine,+  unless  we 
should  merely  add  nitrogen  to  the  elements  of  the  tri-oxide  of 
protein  and  subtract  the  elements  of  water,  or  indicate  this 
connection  in  some  other  arbitrary  manner.  We  must  espe- 
cially bear  in  mind  that  we  have  not  yet  been  able  to  prepare 
gelatine  from  protein,  and  until  this  has  been  performed,  we 
are  unacquainted  with  the  nature  of  this  conversion.  We 
are,  therefore,  yet  in  the  dark  both  regarding  the  forma- 
tion of  gelatiniferous  substances,  and  consequently  also  of 
all  the  tissues  produced  from  these  substances,  and  regarding 

* Schoiknndigo  Ondcrzockingen.  Deel  I.  p.  5S7. 

+ See  Von  Bibra,  Chem.  Unter».  vcrschicdcner  Eiterartcn.  Berlin,  1842, 


& 14  and  230,  and  Bulletin  1S3D,  p.  400,  and  Sebeik.  Onderz. 

Tri-oxide  of  protein.  Gelatine. 
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the  CTtoblastema  or  the  cell-forming  substance,  of  which  liga- 
mentary tissue  is  produced. 

We  ought  to  pay  particular  attention  to  the  presence  of  a 
greater  or  smaller  quantity  of  elastic  tissue  in  all  gelatinifer- 
ous  tissue,  not  only  with  reference  to  the  nature  and  structure, 
but  also  to  the  origin  of  both.  This  intimate  intertexture  of 
threads  of  ligamentary  and  elastic  tissues,  this  circumvolution 
of  threads  of  the  latter  around  those  of  the  former  tissue,  in- 
dicates that  they  are  both  of  the  same  origin.  In  chemical 
proj)crtie.s,  however,  they  are  essentially  different  We  shall 
see  hereafter  that  the  formula  for  elastic  tissue  is 

O^'*,  that  for  gelatiniferous  tissue  being  either  X* 

Q5,  or  a polymeric  of  this,  and,  therefore,  entirely  different 
from  the  former. 

We  have  already  (p.  .531)  drawn  attention  to  this  intimate 
connection  between  threads  of  ligamentary  and  elastic  tissue. 
The  difference  in  their  chemical  composition  shows,  that  they 
are  not  of  the  same  origin.  If  Henle’s  view  be  the  correct 
one,  viz.,  that  the  thread  of  gelatiniferous  tissue  is  formed 
from  the  imperfect  cell-wall,  and  the  thread  of  clastic  tissue 
from  the  kernel  of  this  imperfect  cell, — it  is  evident  that  the 
formation  of  the  one  must  aid  or  promote  that  of  the  other. 
The  chemical  transformation  of  matter, — for  instance  tliat 
proceeding  from  the  kernel, — whilst  giving  rise  to  the  produc- 
tion of  a thread  of  elastic  tissue,  must  assist  in  the  formation 
of  threads  of  gelatinous  tissue,  fur  these  two  formations  take 
place  in  the  immediate  neighbourhood  of  each  other,  indeed, 
in  the  same  little  elementary  organ,  and  their  results  are  pro- 
ducts of  a different  chemical  character. 

Any  attempt,  however,  at  present,  to  explain  the  forma- 
tion of  these  two  tissues  from  the  nourishing  liquid,  will 
be  fruitless. 

If  we  may  assume  as  proved,  that  the  ligamentary  tissue  is 
not  a primary  but  a secondary  tissue,  then  it  is  equally 
proved,  that  gelatine  cannot  serre  to  form  edit  aful 
as  Liebig  thinks.*  First,  we  do  not  know,  in  the  whole 

* Tbier-Cbemic,  2 Au6.  8.  89  and  90. 
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OT;^nisni,  one  single  cell  consisting  of  ligamentary  tissue, 
and  as  the  membranes  are  secondary  products,  they  cannot 
possibly  originate  directly  from  gelatine,  which,  when  con- 
sumed, must  serve  to  produce  something  else ; for  it  is  not 
again  found  unchanged  either  in  the  faces  or  in  the  urine. 

The  connection  which  we  have  indicated  (p.  325)  between 
the  two  extractive  matters  produced  from  protein  by  the 
action  of  alkalies  and  gelatine,  throws  some  light  upon  the 
manner  in  which  the  latter  may  be  formed.  Gelatine  will 
certainly  not  produce  any  organ  directly,  but  only  when  it  is 
in  the  nascent  state.  If  gelatine,  after  being  taken  as  food, 
could  really  be  converted  into  cells,  it  ought  to  be  considered 
as  one  of  the  most  important  nutriments,  for  cells  constitute 
the  chief  part  of  the  original  solid  substances  of  the  body. 
There  is  no  ground,  however,  for  supposing  that  it  acts  as  a 
nutriment  in  this  way.  But  its  presence  in  the  blood, — 
conveyed  thither,  for  instance,  in  the  form  of  soup, — renders 
the  reproduction  of  the  gelatinous  tissue  in  the  organism 
superfluous,  or,  at  least,  less  necessary,  and  the  quantity  of 
ligamentar}’  tissue  reproduced  is  therefore  in  an  inverse  ratio 
to  the  quantity  of  gelatinous  tissue  supplied  as  food  in  a 
state  of  solution. 

Although,  therefore,  gelatine  cannot  be  directly  employed 
for  the  formation  of  cells,  it  is,  nevertheless,  to  be  called  nutri- 
tive matter,  because  cells  originate  from  it.  For  this  reason 
it  promotes  indirectly  the  reproduction  of  ligamentary  tissue 
in  the  case  of  emaciation  ; and  in  bodily  exertion,  the  use  of 
gelatine  in  addition  to  other  food  does  actually  render  nutri- 
tion better  and  more  effectual,  because  its  presence  in  the 
blood  makes  the  reproduction  of  this  ligamentary  tissue  much 
less  necessary.  In  this  case  also  it  may  be  said  to  render  an 
indirect  service.  (See  Food.) 

There  exists  a great  number  of  laminar  integuments,  pro- 
duced from  ligamentary  tissue,  having  the  name  of  serous 
membranes,  which,  when  in  a normal  condition,  secrete  a 
liquid,  that  may  accumulate  in  case  of  illness.  It  occurs  in 
dropsy  of  the  abdomen,  the  chest,  and  the  brain.  This  liquid 
varies  in  composition  according  to  the  nature  of  the  mem- 
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branes  bj  which  it  is  secreted.  Its  composition  is  known 
only  as  it  exists  M'heii  accumulated  in  a state  of  disease.  I 
give  here  one  instance  of  its  composition. 

Water  from  the  brain,  according  to  Berzelius : — 

Albumen,  ...  ...  ...  ...  1.66 

Matter  soluble  in  alcohol  and  lactate  of  soda,  2.32 
Chlorides  of  sodium  and  potassium,  ...  7.09 

Soda,  ...  0.28 

Organic  matter,  insoluble  in  alcohol,  ...  0.26 

Earthy  phosphates,  ...  ...  ...  0.09 

Water,  ...  ‘ 988.30 


I myself  have  obtained  similar  results  (Berzelius,  Bd.  9,  S. 
198).  The  proportion  of  albumen  in  this  liquid  is  occasion- 
ally much  larger;  sometimes  it  is  even  nearly  equal  to  that 
of  the  serum  of  the  blood.  Marchand  found  urea  in  the 
serum  of  the  cavity  of  the  abdomen. 

We  may  therefore  consider  this  serum  as  a kind  of 
diluted  blood  serum.  Especially  as  regards  the  proportions 
of  salts  they  contain,  the  two  closely  resemble  each  other ; 
the  quantity  of  albumen  alone  is  generally  smaller  than  in 
the  serum  of  the  blood.  It  is  not  known  what  causes  the  re- 
tention of  this  albumen,  when  the  watery  liquid  is  separated 
from  the  serum  of  the  blood  by  perspiration ; but  it  is  a fact 
that  deserves  to  be  noticed. 

In  every  ca.se  the  secretion  of  this  serum  in  a state  of  dis- 
ease is  nothing  else  than  a mere  transmi.ssion  of  nutritive 
liquid.  It  is  not  likely,  however,  that  in  a healthy  state  its 
composition  will  be  the  same  as  when  accumulated  in  disease. 
Probably  it  will  then  be  more  concentrated;  but  its  composi- 
tion is  not  known. 

The  serous  membranes  arc  covered,  besides,  with  a simple 
laminar  epithelium,  of  which  we  have  treated  before,  p.  497. 
In  case  of  inflammation,  the  latter  is  soon  removed,  and  this 
fact  affords  a sufficient  explanation,  why  a larger  quantity  of 
liquid,  differing  in  composition  from  ordinary  serum,  is  then 


perspired. 
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• II.  Eloiii*  Tistue. 

What  is  called  in  the  animal  organism  elastic  tissue,  is  a 
thread-like  tissue  of  a very  elastic  nature,  and  very  generally 
diffused  through  the  body.  It  exists  either  in  an  almost  pure 
state,  or  mixed  with  ligamentary  tissue  or  other  elementary 
forms.  It  consists  either  of  simple  threads,  like  those  in  the 
inferior  vocal  ligament  (fig.  132);  or  of  threads  with  project- 
ing and  curling  ramifications ; as  found,  for  instance,  in  the 
yellow  ligaments  of  the  vertebrae  (fig.  131) ; or  of  threads 
with  ramifications,  which  are  gradually  united  again  into 
one,  and  present  themselves  as  a very  dense  vascular  net 
with  anastomoses,  as  in  the  elastic  tunic  of  the  arteries ; or 
finally,  the  diffusion  and  combinations  of  the  threads  be- 
come so  numerous,  that  they  constitute,  as  it  were,  a thin 
membrane,  fully  deserving  the  name  of  elastic  membrano, 
as  in  the  intermediate  tunics  of  the  arteries  and  veins  (see 
below). 

The  ramifying  threads  occur  in  especial  abundance  in  the 
organism,  and  form  a really  important  constituent  of  it* 

* A longitudinal  section  of  the  cervical  ligament  of  a cow  exhibits  parallel 
fibres,  which  are  scarcely  detached  from  each  other  under  the  action  of  acetie 
acid  (fig.  126).  The  fibres  themselves  are  often  rough,  owing  to  a little  ad- 
herent ligamentary  matter  (fig.  127),  which  is  dissolved  by  potash.  This  pro- 
perty renders  it  easy  to  separate  them  from  each  other  (fig.  128). 

When  hept  in  potash  for  twenty-four  hours,  there  appear  very  distinct 
and  elastic  fibres,  a little  thinner  than  in  the  natural  condition,  which  easily 
separate  from  each  other  and  exhibit  some  ramifications  (fig.  128). 

The  transverse  section  presents  either  circular,  more  or  less  elliptic,  or  angu- 
lar sections  of  the  elastic  fibres  of  different  size,  placed  very  close  to  one  another, 
with  very  little  intermediate  matter,  and  hardly  giving  way  on  the  action  of 
acetic  acid  (fig.  129). 

After  the  cervical  ligament  has  been  kept  in  potash  ley  for  a great  number 
of  days,  it  presents  itself  to  the  naked  eye  as  a gelatinous  substance,  which  la 
quite  transparent,  with  the  exception  of  a few  thick  white  bundles.  Under 
the  microscope  this  gelatinous  substance  appears  as  one  mass  of  little  globules. 
In  the  while  bundles,  however,  a great  number  of  clastic  fibres  aro  risible, 
which  are  all  sharp  pointed  (fig.  130),  and  besides  these  fibres,  there  aro  large, 
round  lumps,  consisting  of  a granular  substance.  This  granular  substance  is 
insoluble  in  water. 

When  the  cervical  ligament  is  kept  for  six  months  in  a saturated  solution 
of  potash,  diluted  with  four  parts  of  water,  a part  is  left  undisselved,  whieb. 


Digilized  by 


542 


THE  CHEMISTRY  OF 


The  proportion  of  threads  of  elastic  tissue  that  is  mixed 
up  with  other  elementary  forms,  is  very  variable.  In  the 
ligamentary  tissue,  for  instance,  where  it  is  nowhere  want- 
ing, not  even  in  that  by  which  the  primaiy  bundles  of  nerves 
are  united  together,  it  sometimes  accumulates  to  such  an  ex- 
tent, that  it  constitutes  about  the  half  of  the  whole  masa 
This  is  the  case,  for  instance,  in  the  fascia  lata  of  the  thigh, 
which  may  indiscriminately  be  said  to  consist  either  of  elastic 
or  of  ligamentary  tissue. 

There  are  some  tissues  which  consist  almost  entirely  of 
elastic  tissue,  but  nevertheless  differ  from  each  other.  The 
cause  of  these  differences  is  the  intermixture  of  a small  por- 
tion of  other  elementary  forms,  especially  of  threads  of  liga- 
mentary tissue,  which  are  converted  into  gelatine  by  boiling. 

under  the  microscope,  presents  the  appearance  of  little  pointed  fibres  of  dbstie 
tissue. 

When  kept  for  six  months  in  strong  sulphuric  acid,  it  is  dissolved,  and  tha 
solution  has  a broirn  colour. 

In  strong  nitric  acid  it  is  left  partly  undissolved. 

In  acetic  acid  it  has  undergone  no  change. 

In  hydro-chloric  acid  it  is  dissolved,  giving  a brown  solution. 

The  yellow  ligament  of  a young  man  of  21  yeart  old,  A section,  taken 
parallel  to  the  surface,  exhibits  a net  of  intermixed,  ramifying,  flat  threads  of 
elastic  tissue,  intenroven  with  a little  cellular  tissue.  On  the  addition  of  acetic 
acid,  the  threads  of  elastic  tissue  remain  unchanged,  and  constitute  a net  of 
coherent  threads,  having  a transparent  sulwtance  between  them  (fig.  131,  a). 

When  cut  on  the  transverse  side  downwards,  the  fibres  become  detached  from 
one  another,  and  there  appears  a transparent,  swollen,  intermediate  substance 
placed  between  the  fibres.  This  is  ligamentary  tissue,  swollen  by  the  actio* 
of  the  acetic  acid,  haring  no  distinct  form,  and  filling  the  interstices  between 
the  fibres  of  elastic  tissue.  When  potash  is  added,  these  fibres  again  contract, 
and  therefore  the  intermediate  matter  resembles  ligamentary  tissue. 

After  having  been  kept  in  a strong  solution  of  potash  for  fS  hours,  no 
change  has  taken  place.  When  water  is  added,  the  elastic  fibres  give  way 
by  the  swelling  of  the  ligamontary  tissue  between  them ; some  fibres  arc 
even  entirely  isolated.  The  remaining  fibres  have  retained  their  elasticily, 
notwithstanding  the  action  of  the  potash.  On  the  potash  being  neutralised  by 
acetic  acid,  and  tincture  of  iodine  added,  the  elastic  fibres  become  very  dark 
coloured. 

A traiBvcrso  section  (fig.  ISl,  b),  treated  with  acetic  acid.  The  elastic 
fibres,  of  which  the  sections  arc  more  or  less  elliptic  or  angular,  arc  separated 
very  much  from  each  other  by  the  action  of  acetic  acid,  and  when  ammonia  ia 
added,  they  contract  again  (Oonders  and  Mulder). 
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Elastic  tissue,  wherever  it  exists, — either  in  the  yellow  liga- 
ments, in  the  cervical  ligament,  or  in  other  organs,  has  always 
the  same  chemical  character.  The  observations  of  Eulenberg 
upon  the  gelatinising  property  of  the  cervical  ligament,  tind 
those  of  Valentin,  upon  the  solubility  of  the  elastic  tissue  of 
the  interior  layer  of  the  thoracic  membrane,  are  obviously  at- 
tributable to  a confusion  of  threads  with  ligamentary  tissue. 
The  elastic  tissue  has  further  claims  to  our  attention,  if  we 
bear  in  mind,  that  it  consists  of  what  Henle  calls  kernel- 
fibres,  and  that  there  is  some  ground  to  class  the  kernels, 
which  are  seen  in  so  many  elementary  forms,  with  elastic 
tissue  ; for  those  kernels  are  in  many  respects  similar  to 
elastic  tissue  (see  pp.  491  and  492). 

The  general  properties  of  elastic  tissue  are  the  following. 
When  boiled  in  water  it  produces  no  glue.  The  threads  appear 
unchanged,  even  after  they  have  been  boiled  for  40  houra  It 
resists  for  a very  long  time  the  action  of  strong  boiling  acetic 
acid,  but  in  the  end, — that  is,  after  it  has  been  boiled  for  a 
number  of  days, — it  is  gradually  diasolved.  It  is  unchange- 
able by  strong  acetic  acid  at  the  ordinary  temperature.  It  is 
dissolved  by  digestion  in  hydrochloric  acid,  diluted  with  a 
little  water.  When  the  solution  is  neutralised  with  ammonia, 
an  organic  substance  is  precipitated,  which  is  soluble  in  alco- 
hol and  water.  Pure  elastic  tissue  is  decomposed  by  nitric 
acid,  without  the  formation  of  xantho-protei'c  acid.  When 
treated  with  a potash  ley  of  moderate  strength,  it  is  at  last, 
but  not  until  after  a great  number  of  days,  completely  dis- 
solved and  converted  into  a transparent  jelly.  This  property 
of  elastic  tissue,  of  being  very  sparingly  soluble  in  strong 
acetic  acid  and  potash,  affords  an  opportunity  of  obtaining  it 
easily  in  a pure  state. 

In  the  cervical  ligament  of  cows  it  is  found  in  large  quan- 
tity, being  here  only  intertwined  with  a few  threads  of  liga- 
mentary tissue  and  satiu^ted  with  nutritive  fluid. 

When  such  a ligament  is  dried  and  grated,  and  then 
treated  with  potash,  acetic  acid,  water,  alcohol,  and  ether, 
elastic  tissue  may  be  procured  in  a purer  state  than  any  other 
elementary  form  can  be  obtained. 
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According  to  the  analyses  of  J.  W.  R.  Tilanus,  the  com- 
position of  pure  elastic  tissue  may  be  represented  by  the  for- 
mula C52  0^*.  This  composition  has  not  only  been 

derived  from  analyses  of  the  pure  tissue,  but  has  been  further 
confirmed  by  a combination  of  elastic  tissue  with  chlorine, 
which  may  be  expressed  by  the  formula — 

C52  H40  N7  01*  Cl* 

There  appears  to  exist  some  relation  between  gelatinous  and 
elastic  tissue,  which  deserves  to  be  noticed.  In  one  of  the 
combinations  of  gelatinous  tissue  with  chlorous  acid,  the  lat- 
ter is  united  with  four  of  gelatine. 

4 X (CIS  Hio  N2  05)  = C52  H*o  N8  020, 

a formula  which  also  represents  the  composition  of  the 
hydrate  of  gelatine,  viz.,  the  substance  which  is  obtained  by 
boiling  gelatine  for  a very  long  time  in  water.  The  formula 
for  elastic  tissue,  C®^  H*o  01*,  therefore,  differs  from  four 
equivalents  of  gelatine  by  containing  one  equivalent  of  nitro- 


* Elastic  tissue  of  the  cervical  ligament,  treated  only  with  cold  water,  aieo- 
}!,  and  ether. 

C 

54.90 

64.89 

H 

7.25 

7.28 

N 

17.62 

17.30 

0 

19.97 

20.72 

S 

0.36 

0.31 

Thii  itill  containB  some  ngsmenUry  tissue. 
Treated  with  acetic  acid,  water,  alcohol,  and  ether. 


Found. 

Atoms 

Calculated. 

C 

56.65 

62 

65.88 

H 

7.41 

40 

7.02 

N 

17-74 

7 

17.42 

0 

19.20 

14 

19.68 

The  combination  with 

chlorine  yielded  on  analysis — 

Found. 

Atoms 

Calculated. 

C 

51.65 

52 

52.43 

H 

6.64 

40 

6.62 

N 

15.94 

7 

16.67 

0 

19.93 

14 

18.43 

Cl 

6.94 

1 

5.85 

This  is,  however,  not  the  only  combination  with  chlorine  that  may  be  «h 
tained.  See  Scbeiknndige  Onderaoekingen,  Deel  IIL 


Oigilized  by  Google 


TIOETABLS  AND  ANIUAL  PHTSIOLOOT. 


545 


gen  and  six  equivalents  of  oxygen,  (N  0*,)  less.  It  is,  there- 
fore, beyond  doubt  that  there  is  some  relation  between  gela- 
tinous and  elastic  tissue ; but  at  present  we  can  merely  indi- 
cate its  existence  (see  p.  538). 

The  following  parts  of  the  animal  body  are  now  classed 
under  the  head  of  elastic  tissue,  though  they  contain — the 
cervical  ligament  of  cows  probably  least  of  all — a greater  or 
less  quantity  of  threads  of  ligamentary  tissue.  The  parts  are, 
the  yellow  ligaments  of  the  vertebral  column  ; the  ligaments 
by  which  the  cartilages  of  the  larynx,  the  wind-pipe,  and  the 
bronchia;  are  united  together  and  fixed  to  the  tongue-bone 
(os  hyoYdes) ; the  clastic  tunic  of  the  arteries  and  veins ; 
the  other  tunics  of  the  arteries  and  veins,  all  of  which 
are  more  or  less  intermixed  with  ligamentary  tissue  (those 
that  are  circular  and  have  involuntary  muscular  fibres)  ; the 
exterior  layer  of  fibres  of  the  oesophagus,  by  which  thjs  is 
united  with  the  larynx  and  the  wind-pipe.  The  serous  mem- 
branes, more  especially  the  peritoneum,  have  on  many  places 
a layer  of  elastic  tissue,  which  unites  the  membrane  with  the 
parts  below. 

Such  layers  are  found  also  between  the  peritoneum  and  the 
ensiform  cartilage,  between  the  peritoneum  and  the  blad- 
der; they  are  thinner  on  the  intestines,  and  wholly  wanting 
upon  the  kidneys  and  the  liver.  They  are  also  found  below 
the  pleura  on  the  side  of  the  breast,  but  neither  upon  the 
lungs  nor  upon  the  heart  The  skin,  also,  is  interwoven 
■with  elastic  fibres.  Finally,  elastic  fibres  exist  between  the 
cartilaginous  bodies  of  the  elastic  cartilaginous  tissue. 

It  appears  from  all  this,  that  there  is  a close  connection 
between  the  origin  of  the  elastic  and  that  of  the  ligamentary 
tissue. 


KK.  Cartilaginou*  Tiuu«. 

What  are  called  cartilages  are  solid,  flexible,  and  more  or 
less  elastic  parts  of  the  organism,  containing  only  a small  por- 
tion of  inorganic  substances,  and  having  either  a cellular  or  a 
fibrous  structure.  They  may  be  divided  into  two  classes,  ac- 
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cording  as  the  cells  are  situated  in  a base  devoid  of  structure, 
or  are  inclosed  by  fibres.  The  former  are  white,  more  or 
less  bluish,  the  latter  yellowish.  Cartilages,  of  which  the  cells 
are  found  in  a shapeless  base,  are  called  true  cartilages  ; but 
when  the  base  consists  of  fibres,  they  bear  the  name  of  fibrous 
cartilages.  The  latter,  however,  ought  to  be  subdivided  into 
two  kinds.  That  which  possesses  elastic  fibres,  we  shall  call 
elastic  cartilage  ; and  by  the  name  of  fibre  cartilage  we  shall 
indicate  that  kind  in  which  the  nature  of  the  chief  mass  of 
the  fibres  is  different  from  that  of  elastic  tissue. 

To  the  class  of  true  cartilages  belong  the  cartilages  of  the 
ribs,  the  ensiform  cartilage  of  the  sternum,  the  cartilages 
covering  the  joints,  those  of  the  nose,  and  almost  all  such  as 
form  part  of  the  apparatus  for  respiration.  Under  the  head 
of  elastic  cartilage  may  be  classed  the  epiglottis,  the  car- 
tilages of  the  ear,  and  the  cartilages  covering  the  infra- 
maxUlary  joint  To  the  fibrous  kind  belong  the  synchon- 
droses, the  intervertebral  cartilages,  and  difi'erent  cartilages 
between  the  joints. 

The  true  cartilages  consist  of  a shapeless  or  finely  granu- 
lar substance,  having  cavities  of  considerable  size  (fig.  133 
and  134),  which  arc  filled  with  a transparent  mass,  in  which 
arc  found  little  vesicles,  containing  in  some  places  one  or 
two  kernels.  If  the  cavities  just  mentioned  arc  considered 
as  cells,  the  latter  constitute  a complete  type  of  an  endogen- 
ous cell-formation.  Of  such  cells,  four  are  sometimes  seen 
pressed  together,  and  lying  next  each  other  regularly  ; some- 
times two  or  three  belong  to  one  cavity.  The  kernel  of  the 
cells  has  all  sorts  of  forms,  and  is  sometimes  devoid  of  the 
little  kernels  or  nucleoli ; in  some  cases  the  kernels  of  the 
cells  are  absent,  and  replaced  by  fat-cells. 

At  the  surface  of  these  true  cartilages  the  before-mentioned 
cavities  lie  pressed  closely  upon  each  other  (fig.  133),  and 
here  they  exist  in  much  larger  quantity  than  at  a distance 
from  the  surface  (fig.  134). 

These  cartilages  consist,  in  great  part,  of  matter  yielding 
chondrin,  for  which  the  formula 

10  (C32  H26  N<  Ol<)  S 
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lias  been  established  (p.  S28).  Their  composition,  when  ana- 
lysed as  they  occur,  is  similar  to  that  of  the  chondrin  which 
is  obtained  from  them  by  a protracted  boiling  of  several  hours 
(p.  328),  but  their  composition  cannot  possibly  bequite  the  same 
as  that  of  chondrin  ; for  during  the  boiling  the  kernels  are  dis- 
solved much  more  slowly,  leaving  the  liquid  turbid,  and  on  fil- 
tering it,  the  liquid  that  runs  through  is  quite  transparent 

It  is  impossible,  therefore,  that  the  whole  of  the  cartilage 
should  have  exactly  the  same  composition  as  the  chondrin, 
which  is  obtained  from  it  by  boiling  ; and  the  fact,  that  the 
same  results  have  been  obtained  from  the  analysis  of  rib-carti- 
lage as  from  that  of  their  product,  chondrin  (see  p.  329),  may 
again  serve  to  show  the  limits  of  the  accuracy  of  elementary 
analysis. 

As  to  chondrin  itself,  I consider  it  a chemical  body  of 
a peculiar  nature,  in  so  far  as  it  is  procured  by  dissolution 
of  the  granular  base  alone  ; and  as  it  is  this  granular  sub- 
stance which  is  dissolved  first  when  cartilage  is  boiled,  the 
first  decoction  may  probably  yield  chondrin  chemically  pure. 
By  protracted  boiling  the  cell-walls  are  also  dissolved,  and 
the  solution,  so  obtained,  must  necessarily  contain  other  sub- 
stances besides.  It  would  be  strange,  indeed,  if  this  granular 
base,  the  cell-wall  and  the  contents  of  the  cells  of  the  carti- 
lages, should  all  have  exactly  the  same  composition.* 

When  cartilages  are  boiled,  the  inter-cellular  substance  is 
the  first  that  disappears,  whether  it  be  fibrous  or  not  Subse- 
quently, kernels  are  seen  floating  through  the  liquid,  some  of 
which  are  still  enveloped  in  cells.  The  whole  of  the  granular 
part  remmns  long  unaltered.  Rib-cartilage,  of  which  the  inter- 
cellular substance  was  chiefly  fibrous,  was  boiled  for  forty- 
eight  hours,  the  liquid  repeatedly  decanted,  being  every  time 
allowed  first  to  subside  (as  it  would  not  pass  clear  through  the 
filter),  and  then  evaporated  and  digested  with  ether  and  alco- 
hol A small  portion  of  this  liquid  was  filtered  twice,  and  yet 
there  were,  and  remained  in  it,  kernels  and  granules,  and 

• Several  reagents — for  instance,  the  bi^ihlorido  of  plstinnm — precipitate 
only  part  of  the  substance ; sufficient  means  are  at  our  command,  therefore,  to 
attempt  a separation  of  these  substances. 
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even  a few  cells,  visible  under  the  microscope  Of  chondrin, 
thus  obtained,  the  carbon  and  hydrogen  were  determined, 
and  the  result  agreed  completely  with  the  formula.  The 
same  proportions  of  carbon  and  hydrogen  were  obtained  by 
an  ultimate  analysis  of  cartilage.  I am  inclined  to  suppose 
that  the  chondrin  that  has  hitherto  been  analysed,  has  always 
contained  microscopic  molecules. 

Part  of  what  remained  uiidissolved,  after  a boiling  of  forty- 
eight  hours,  was  boiled  once  more  for  an  equal  period,  and 
during  this  process  it  became  almost  completely  invisible  to 
the  naked  eye.  But  by  the  aid  of  tlie  microscope,  we  observed 
■a  large  number  of  e.xceedingly  minute  granules,  granular  ker- 
nels, and  granular  cells,  in  an  almost  unchanged  condition. 
These,  therefore,  appear  completely  to  resist  the  action  of 
boiling. 

We  saw,  besides,  small  fragments,  visible  to  the  naked  eye, 
exhibiting  a base  devoid  of  any  structure,  and  containing  a 
great  number  of  granular  kernels.  This  liquid  is  also  dis- 
tinctly affected  by  all  the  reagents  that  act  upon  chondrin. 
(Bonders.) 

Even  when  filtered  clear,  chondrin  holds  a large  quantity  of 
salts  of  lime  and  other  bases  in  solution,  amounting  together 
to  3.5  per  cent 

It  is  likely  that  the.se  cartilages  are  formed  from  tri-oxide 
of  protein,  and  therefore  subsist  directly  upon  the  constitu- 
ents of  the  blood.  (See  p.  314.) 

Some  of  these  true  cartilages  may,  in  the  course  of  life, 
be  either  wholly  or  in  part  converted  into  fibrous  cartilage. 
In  this  case  they  then  generally  present  in  their  interior  cer- 
tain very  brilliant  lines  (fig.  136,  1),  which,  when  examined 
by  the  microscope,  appear  to  consist  of  straight  or  gently 
curved  fibres,  running  parallel  with  each  other,  and  extend- 
ing themselves  into  the  rib-cartilage  in  the  direction  of  their 
diameter  (fig.  134,  4).  Two  other  changes  take  place  in  con- 
nection with  the  above  : first,  the  cell-kernels  disappear,  and 
are  replaced  by  the  fat-cells  before  mentioned  (fig.  135,  c) ; 
secondly,  these  cartilages,  which  become  fibrous,  are  the  very 
same  that  at  a later  period  undergo  ossification. 
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Although  it  is  said  that  these  cartilages  are  devoid  of  blood- 
Tessels,  yet  Dr.  Donders  has  often  shown  me  distinct  blood- 
vessels in  rib-cartilages,  obtained  from  persons  not  older  than 
thirty  years, 

Regarding  the  true  cartilages,*  I communicate  the  under- 

* Rih-cariilage  from  a foang  person  of  22  years  old. 

The  main  bulk  consists  of  a finely  granular,  occasionaMy  fibrous  basis 
with  little  bodies  of  a very  transparent  substance.  The  latter  are  very  diffe 
rent  in  form,  according  os  the  part  observed  is  situated  towards  the  outside 
or  more  in  the  axis  of  the  cartilage.  Those  situated  more  in  the  interior 
are  roundish,  sometimes  triangular,  two  succeeding  ones  being  turned  with 
their  planes  towards  each  other  (fig.  133,  1).  Those  towards  the  outside  are 
much  more  elongated  (fig.  135,  a),  and  neither  triangular  nor  roundish ; they 
are  arranged  in  longitudinal  series  (fig.  133,  2).  Those  towards  the  centre 
are  larger,  and  placed  irregularly,  in  most  cases,  at  greater  distances  from 
each  other  (fig.  134).  Towards  the  outside,  they  become  smaller  and  more 
numerous. 

In  these  little  bodies  we  find  sometimes  one,  but  more  frequently  several 
cells  (1),  having  either  a roundish,  angular,  or  oblong  form,  and  a somewhat 
darker  appearance  than  the  other  parts  of  the  little  body,  which  in  its  turn 
may  be  distinguished  by  its  lighter  colour  from  the  granular  base,  in  which  it 
is  situated. 

These  oblong  bodies  usually  contain  two  or  four  cells,  placed  in  one  row  (2). 
In  those  of  a more  roundish  form,  the  cells  are  arranged  in  different  directions, 
their  broad  bases  being  turned  towards  each  other  (fig.  135,  C). 

Besides  cells,  these  cartilaginous  bodies  contain  fine  granules,  a few  ker- 
nels (6,  1),  and  globules  of  fat  (e,  1). 

In  almost  every  cell  of  the  peculiar  cartilage  here  mentioned,  a single  glo- 
bule of  fat,  of  a larger  size,  may  be  seen  (c,  2),  and  in  some  cases  several 
others  of  a smaller  size.  Towards  the  central  part  of  the  cartilage,  these 
globules  are  largest  and  most  numerous. 

The  middle  part  of  the  cartilage  is  occupied  by  the  cells,  and  these  cells  are 
snrrounded  by  a white  rim,  a'hich  presents  nothing  peculiar,  and  is  in  direct 
contact  with  the  other  granular  or  fibrous  mass  of  the  cartilaginous  tissue. 

Near  the  surface  of  the  cartilage,  the  basis  between  the  cartilage  bodies 
has  scarcely  any  distinct  structure  (fig.  133) ; a little  further  from  the  sur- 
fitce,  it  assumes  a finely  granular  appearance,  and  becomes  less  transparent 
(fig.  134,  3),  and  in  some  places  fibrous  (4).  Hero  and  there  globules  of  fat 
are  lying  in  the  intermediate  substance  (5). 

If  we  take  a transverse  section  of  the  rib-cartilages  of  full-grown  individuals, 
we  perceive  in  most  cases  a more  or  less  complete  concentric  line,  at  about 
1-1 2th  of  an  inch  from  the  surface.  It  resembles  asbestos  in  appearance,  is 
very  soft,  and  when  pressed  it  yields  a liquid  substance  (fig.  136,  1).  When 
examined  under  the  microscope,  this  substance  appears  to  consist  of  tine 
fibres,  in  most  cases  arranged  parallel  to  each  other,  between  which  there  ap- 
pear only  a few  cartilage  bodies,  of  a large  size,  in  most  cases  of  an  oblong 
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mentioned  observations,  from  which  I draw  the  conclusion, — 
that  the  substances  which  must  be  distinfiuished  in  them  are 
at  least  four  in  number,  besides  fat-cells  and  vessels.  These 
are,  cell-walls,  which  dissolve  but  slowly  in  potash  and  sul- 


form,  and  containing  a great  number  of  celle.  These  fibres  run  in  the  direc- 
tion of  the  diameter  of  the  cartilage,  and  are  in  most  cases  either  .straight  or 
slightly  curved  (fig-  134,  a). 

The  part  within  this  concentric  line  or  circle  contains  many  more  cells  than 
that  which  is  outside,  is  often  filled  with  a great  numl>er  of  large  globules  of 
fat,  and  in  several  places  the  base  is  formed  like  a laminar  mass ; resembling, 
in  some  degree,  the  plates  of  the  bony  tissue.  In  this  mass  the  outlines  of  the 
cartilage  bodies  are  much  less  distinct  than  elsewhere.  In  some  parts  of  this 
laminar  mass  the  cartilage  bodies  with  cells  arc  not  distinctly  seen. 

A longitudinal  section  of  the  external  plane,  taken  at  right  angles  to  the 
surface,  exhibits  cartilage  bodies,  most  frequently  of  an  oblong  form,  lying  in 
the  granular  mass.  In  a section  taken  parallel  to  the  surface,  these  bodies  are 
roundish.  They  therefore  appear  to  have  the  form  of  discs,  placed  parallel 
to  the  surface  of  the  cartilage,  appearing  narrow  in  two  directionB,  and  round- 
ish in  the  third. 

When  a longitudinal  section  of  the  concentric  fibrous  part,  just  mentioned, 
is  examined,  it  will  be  seen  that  this  circular  part  appears  as  a continnona 
canal,  which  is  therefore  a circular  canal,  constituting  a lino  of  demarcation 
between  the  parts  within  and  those  without  the  circle. 

In  the  part  within  the  fibrous  and  much  more  loosely-formed  circle,  the  same 
laminar  structure,  mentioned  before,  is  found  also  on  a longitudinal  section. 
The  form  of  the  cells  and  everything  else  is  not  different  from  what  has 
already  been  stated. 

When  the  cartilage  is  digested  in  ether,  the  globules  of  fat  disappear,  and 
are  replaced  by  membranaceous  bags,  which  have  shrunk  together  (they  are 
called  the  membranes  of  the  fat  cells).  (Fig.  135,  d,  1).  All  the  re.^t  has  re- 
mained unaltered. 

When  treated  with  a strong  potash  ley,  the  fundamental  lv<r  is,  in  a few 
hours,  converted  into  a homogeneous,  shapeless  substance,  in  which  nothing 
can  be  distinguished ; whilst  the  cartilage  bodies  become  loose  and  isolated, 
and  are  much  later  of  being  dissolved. 

In  the  rib-cartilage,  therefore,  we  find  firm,  a finehj  graauJar  mbtUuue, 
cdLa  vnOi  kerneU  and  globulei  qf  fat,  which  are  altogether  imbedded  t»  a toUd 
transparent  substance.  Wo  have  here,  therefore,  six  dificrent  subatanees, 
which  may  be  all  of  a different  chemical  character.  We  have  not  arrived  at 
perfect  certainty  os  to  the  laminated  part. 

The  thyreoid,  cricoid,  and  the  azytanoid  cartilage  of  the  larynx,  present  ex- 
actly  the  same  properties  as  that  of  the  ribs. 

After  baring  been  kept  in  a strong  solution  of  potash  for  four  hours  (being 
previously  extracted  with  ether),  the  cartilage  bodies,  with  their  clear,  traiu- 
parent  edges,  have  become  invisible ; but  now  the  little  cells  within  these 
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phuric  acid ; cell-kernels,  which  resist  for  a long  time  the 
action  of  every  solvent ; the  substance  of  which  the  carti- 
lage bodies  themselves  consist,  which  is  likewise  but  sparingly 
soluble ; and  finally,  the  basis  or  fundamental  substance, 


bodies  an  Terj  distinctly  risible;  the  globules  of  fat  hare  disappeared  through 
the  action  of  the  ether,  and  in  their  stead  the  whole  cell  is  filled  with  granu- 
lar substances,  the  remains  of  the  cell-membranes  of  the  empty  fat  cells. 
The  fundamental  layer  of  the  tissue  has  assumed  a more  laminar  appearance, 
but  not  eren  a trace  of  it  is  yet  dissolred.  On  the  addition  of  water  the 
cells  become  totally  inrisible,  and  the  whole  is  changed  into  a granular, 
■hapdeas  mass.  When  more  water  is  added,  this  mass  disappears,  and  is 
saddenir  dissolred,  whilst  the  cartilage  bodies  float  insulated  in  the  liquid, 
presenting  very  distinctly  their  cells,  with  the  kernels  and  the  membranes  of 
the  fateells. 

Though,  therefore,  the  fundamental  layer  were  a simple  body, — a supposi- 
tion, however,  which  seems  to  be  disproved  by  its  structure, — the  rib-cartilages 
are  nevertheless  not  formed  of  one  homogeneous  substance,  because  it  is  ap- 
parent that  a diflcrence  of  solubility  in  the  same  liquid  exists  between  the 
fundamental  layer  and  the  cartilage  bodies. 

The  same  eflTeet  is  produced  by  strong  sulphuric  acid,  in  which  liquid  the 
cartilage  bodies  are  even  found  freely  floating  (fig.  137).  After  a period  of 
seventy-two  hours,  all  the  bodies,  and  even  ali  the  cells,  have  disappeared ; and 
almost  everything  is  dissolred  in  the  acid,  except  a few  finely  granular  bodies, 
which  are  seen  floating  in  it. 

The  monohydrate  of  sulphuric  acid  renders  rib-cartilage  brown.  When 
thin  plates  of  the  latter  are  allowed  to  remain  in  it  for  twenty-four  hours,  they 
swell  and  become  gelatinous.  When  placed  under  the  microscope,  nothing 
can  be  distinctly  seen.  On  the  addition  of  water,  the  fundamental  layer 
outside  the  little  objects  is  dissolved,  and  the  cartilage  bodies,  or  rather  the 
cells  contained  in  them,  float  freely  in  the  liquid.  When  left  in  the  acid  a little 
longer,  the  transparent  edges  of  these  bodies  become  entirely  invisible,  and 
the  cells  with  their  kernels  are  apparently  the  only  parts  remaining.  We  find, 
therefore,  the  following  order  in  the  degree  of  solubility ; the  fundamental 
layer,  the  transparent  edge  of  the  cartilage  bodies,  and  the  cells,  the  latter 
oflering  the  longest  resistance.  When  left  in  the  acid  still  longer,  the  cells 
also  disappear,  leaving  behind  nothing  but  fine,  granular  bodies,  which  were 
formerly  contained  in  them. 

Strong  sulphuric  acid,  therefore,  aflbrds  a very  fit  means  for  studying  the 
nature  of  the  true  cartilage,  and  discovering  chemical  dilferences  in  the  sub- 
stances which  it  contains.  The  fibres  mentioned  above  oflfer  a little  more 
resistance  than  the  nely  granular  fundamental  layer ; they  swell  and  become 
much  thicker.  In  point  of  solubility  in  strong  sulphuric  acid,  therefore,  subse- 
quently diluted  with  water,  these  fibres  hold  an  intermediate  place  between 
the  granular  fundamental  layer  and  the  transparent  parts  of  the  cartilage 
bodiee. 
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which  is  placed  between  these  peculiar  bodies,  being  partly 
granular  and  partly  fibrous,  and  easily  soluble  both  in  potash 
and  sulphuric  acid. 

In  a chemical  point  of  view,  therefore,  true  cartilage  re- 
quires a new  examination. 

The  fibrous  cartilages  are  parts  of  the  organism  which  are 
of  a very  clastic  nature.  Generally  speaking,  the  fibres,  of 
which  the  main  bulk  of  these  cartilages  consists,  are  thick 
and  rough  on  the  surface,  and  run  almost  parallel  with  one 
another.  Between  these  fibres  only  a few  cells  and  some- 
times merely  kernels  are  interposed.  Each  cell  contains  one 
or  more  of  these  kernels. 

It  is  impossible  that  the  chemical  composition  of  these 
cartilages  should  be  a simple  one.  Those  that  contain  cells, 
appear  to  yield  chondrin  when  boiled ; the  reactions,  at 


After  having  been  kept  in  very  etrong  acetic  acid  for  five  hours,  the  trana- 
paicnt  edges  of  the  cartilage  bodies  have  disappeared,  but  the  cells  that  are 
vritbin  them  and  their  kernels  have  become  very  distinctly  visible.  The  finely 
granular  fundamental  layer  is  also  very  visible,  and  the  fibres  mentioned 
above  are  likewise  very'  distinct  and  dark  in  appearance. 

Fragments  that  have  previously  been  treated  with  ether  exhibit  the  same 
phenomena  in  every  rcfpect ; but  they  present  this  peculiarity,  that  the  mem- 
branes of  the  fat-cells,  within  the  cells,  which  after  the  action  of  the  ether 
have  collapsed,  again  swell  and  become  globular  by  that  of  acetic  acid. 

After  an  action  of  five  hours,  therefore,  acetic  acid  dissolves  nothing  of  tho 
true  cartilaginous  tissue. 

It  follows  from  what  has  been  stated — 

1st,  That  true  cartilaginous  tissue  contains  no  elastic  tissue ; for  the  fibres 
before-mentioned,  being  so  readily  soluble  in  potash,  are  totally  different  from 
those  of  clastic  tissue. 

2d,  Besides  fat  and  fat-cells,  kernels,  and  the  further  contents  of  cells,  they 
also  contain  cell-walls,  which  are  but  slowly  dissolved  by  potash  and  sulphuric 
acid. 

Sd,  The  substance,  of  which  the  walls  of  the  cartilage  bodies  consist,  is  dif- 
ferent from  the  tissue  in  which  they  are  placed, — being  less  soluble  in  strong 
potash-ley  and  sulphuric  acid. 

4th,  The  substance,  which  constitutes  the  basis  of  this  cartilaginous  tissue^ 
is  partly  granular,  partly  fibrous,  and  easily  soluble  in  potash  and  sulphuric 
acid. 

As  regards  the  chondrin,  if  this  is  obtained  by  boiling  the  cartilages  into  a 
pulp,  it  cannot  be  anything  else  than  a mixture  of  different  substances.  On 
a future  occasion,  we  shall  revert  to  this  point.  (Donders  and  Mulder.) 
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least,  which  are  mentioned  as  being  peculiar  to  them,  are 
the  same  as  those  of  chondrin.* 

• Interveritbral  cartUaga  0/  the  vtrUbrce  of  the  loins  qf  a man  23  jfears  old, 
taken  aboat  the  circumference,  parallel  to  the  broad  surface.  The  fundamen- 
tal lajer  or  basis  consists  of  fibres,  situated  in  various  groups  close  to  one 
another.  In  some  places  nothing  more  can  he  distinguished  than  a groupof  a gra- 
nnlar  substance.  The  fibres  are  placed  either  parallel  in  bundles  or  scattered  in 
evei7  direction,  being  here  and  there  intermixed  with  cells,  which  are  gene- 
nllf  arranged  in  rows,  different  in  size,  most  frequently  containing  a kernel, 
and  being  sometimes  simply  cell  kernels  surrounded  by  a clear,  transparent 
rim  (fig.  138,  a.)  A great  difiercncc  exists  between  different  portions  of  the 
same  tissue,  one  of  the  cainscs  of  which  is,  that  the  fibres  running  in  two 
directions  which  cross  each  other,  have  been  intercepted  in  different  ways. 
The  direction  in  which  the  fibres  cross  each  other  is  from  above  downwards, 
making  a certain  angle  with  the  vertical  line.  Sometimes,  however,  a large 
numt>er  of  fibres  is  aggregated,  as  it  were,  into  one  spot ; sometimes  they  are 
fewer  in  number,  and  then  the  cells  have  the  superiority.  In  some  places  the 
fibres  form  wide  meshes,  enclosed  by  curved  lines ; in  these  meshes  no  elemen- 
tary forms  can  be  properly  distinguished. 

When  taken  from  the  exterior,  parallel  to  the  circumference,  the  fibres  pre- 
sent themselves  running  in  very  regularly  parallel  undulated  lines,  and  united 
into  bundles.  They  possess  only  very  few  cells  or  kernels ; but  between  the 
fibres  agreat  number  of  little  dark-coloured  bodies  are  seen,  resembling  kernel 
fibres. 

When  taken  from  the  middle  of  the  intervertebral  cartilage  (fig.  138,  6), 
which  is  soft  and  tender,  the  part  immersed  in  water  presents  a faintly  fibrous 
stmeture,  imbedded  in  a granular  mass,  and  very  distinct  cells  sselling  in  the 
water,  some  of  which  contain  three,  others  two  kernels,  but  the  greater  part 
only  one  that  is  duly  defined. 

This  cartilage  becomes  more  fibrous  the  nearer  we  approach  to  the  solid  por- 
tion of  it. 

The  soft  part  is  but  little  changed  by  acetic  acid,  only  the  cell  kernels  be- 
come more  distinctly  visible.  After  the  tissue  has  been  in  acetic  acid  for  four 
hours,  it  is  but  slightly  altered. 

A small  fragment,  which  was  taken  from  the  circumference  of  the  cartilage, 
was  kept  in  a strong  solution  of  potash  for  fifty  hours,  and  had  then  lost  all 
definite  form.  On  water  being  added,  the  whole  was  dissolved,  with  the  ex- 
ception of  the  cells  with  their  kernels  and  a single  group  of  fine,  elastic  fibres, 
(derived  from  tbe  ligamentary  tissues  by  which  the  several  parts  of  the  elastic 
tissue  are  held  together  1)  If  tbe  water  be  allowed  to  act  still  longer,  the  cells 
disappear  likewise,  but  in  most  cases  the  kernels  remain. 

A piece  from  tbe  middle,  or  soft  portion,  which  had  been  kept  in  potash  for 
fifty  hours,  presented  no  distinct  form  or  structure.  When  water  is  added, 
the  whole  is  very  rapidly  dissolved,  with  the  exception  of  a few  cell  kernels. 

The  fibres  of  a piece,  taken  from  the  circumference,  and  placed  in  strong 
acetic  acid,  do  not  swell  so  instantaneously  as  those  of  the  ligaroentary  tissue. 
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The  cartilage  between  the  joints  of  the  knee,  from  which 
Muller  obtained  gelatine  by  boiling,  consists  of  ligamen- 
tary  tissue  intennixed  with  kernels,  and  does  not  belong 
to  the  fibrous  cartilages,  as  ho  supposed.  It  is  a little 


The  fibres  retain  their  diatinet  eppeannee,  whilst  the  cells  and  their  hemels 
are  rendered  eren  more  distinct. 

A fragment,  taken  from  the  exterior  of  the  interrertebral  cartilages  of  tb« 
rertebrse  of  the  loins  of  a joung  man  22  years  old,  presents  a great  Dumber 
of  strong,  very  distinct,  more  or  less  curved  fibres,  running  parallel  to  each 
other,  but  in  which  nothing  else  can  bo  sufficiently  distinguished.  At  small 
regular  distances,  these  fibres  arc  mixed  with  much  less  transparent  portiona 

After  having  been  kept  in  a strong  potash  solution  for  four  hours,  the  fibre*, 
although  less  distinctly  seen,  are  still  perceptible.  When  water  is  added  they 
suddenly  become  invisible,  as  if  they  were  dissolved.  They  become,  hewerer, 
gelatinous  only  for  a time,  and  this  is  the  cause  of  their  disappearance,  for 
after  a few  moments,  when  the  water  has  acted  more  thoroughly,  the  fibres 
become  much  more  visible  again  ; but  they  appear  thicker,  broader,  and  more 
transparent  than  previous  to  the  action  of  the  potash,  and  at  small  distances 
they  unite  together  in  oblique  directions. 

When  kept  in  strong  sulphuric  acid  for  four  hours,  it  becomes  more  or  less 
brownish,  and  the  fibres  swell  and  become  gelatinous.  The  fibres  have  the 
appearance  of  being  collected  into  sharply  defined  bundles.  When  water  ii 
added  the  whole  becomes  whitish  and  less  transparent  under  the  mieroocop^ 
but  the  fibres  that  were  visible  at  first  do  not  reappear  in  a distinct  form.  la 
some  places  in  the  direction  of  the  fibres  which  hare  disappeared,  dark  bodies 
are  perceptible,  which  could  be  distingpiished  even  before  the  fibres  were  acted 
upon  by  the  acid,  and  which  resemble  the  kernels  of  the  primary  bundles  of  the 
muscles. 

When  kept  for  five  hours  in  strong  acetic  acid,  the  effect  is  in  so  &r  the 
same  as  that  produced  by  sulphuric  acid,  that  the  fibres,  although  they  hare 
not  disappeared  completely,  are  yet  less  risible,  and  the  bundles  very  dis- 
tinctly brought  out;  they  are  thick  bundles  formed  from  the  original  fibres, 
which  bare  become  more  or  less  swollen.  In  some  places  there  appear  isolated 
portions  of  fibres,  running  in  an  undulating  direction,  and  resembling  kenel- 
fibres. 

On  other  places  these  bundles  are  wanting,  and  the  fibroos  form  is  pre- 
dominant. 

Water  produces  no  change  in  their  appearance. 

Between  these  bundles  whole  rows  of  cells  are  found,  which  are  placed  is 
the  same  direction  as  the  bundles. 

It  follows  from  these  reactions,  that  there  is  not  the  slightest  ooonectioo 
between  elastic  cartilages  and  these  intervertebral  cartilages,  but  that  on  the 
contrary  the  latter  represent  a peculiar  tissue,  united  into  bundles  and  of  a 
fibrous  structuro ; that  this  fibrous  part  is  rendered  gelatinous  by  strong  snl 
phorie  acid  and  not  restored  to  its  former  appearance  by  the  addition  of  water, 
whilst  those  parts,  by  which  the  bundles  are  separated  from  on*  another. 
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more  opaque  than  ligamentary  tissue,  and  it  is  not  rendered 
so  transparent  as  the  latter  when  treated  with  acetic  acid.  Its 
chief  characteristics,  however,  are  the  same  as  those  of  the 
latter,  and  differ  considerably  from  those  of  the  inter- 


nmain  altogether  nnaltered ; farther,  that  they  contain  fibres  of  a different 
kind,  resisting  the  action  of  strong  snlphnric  acid,  and  resembling  kernel 
fibres ; and  finally,  cartilage  cells,  with  perhaps  a few  threads  of  ligamentary 
tiasne.  (Donders  and  Mulder.) 

I hare  receired  from  Dr.  Donders  the  following  additional  information  re- 
garding the  fibrous-cartilages. 

1 hare  not  examined  them  in  their  reiy  first  stage  of  production.  At  the 
period  of  birth  only  the  external  part  is  somewhat  solid  and  hard ; two-thirds 
within  are  still  soft,  and  hare  rery  much  the  same  appearance  as  the  ritreous 
fiuid  of  the  eye. 

I consider  myself  justified  in  assuming,  that  I here  pass  under  review  the 
subsequent  periods  of  derelopment  of  this  tissue,  by  commencing  with  the 
entirely  soft  interior  part,  and  proceeding  to  the  hard  exterior. 

The  interior  part,  which  is  still  in  an  entirely  liquid  state,  presents  irregular 
groups,  which  seem  to  consist  of  irregular  cells. 

As  soon  as  water  is  added,  it  is  absorbed  by  the  cells,  and  they  appear  with 
a completely  globular  form,  placed  in  juxtaposition  (fig.  139).  Between  these 
groups  of  cells  (a)  there  remains  in  several  places  a cytoblastems,  which  is  as 
yet  deroid  of  any  form  (6). 

N.ai/-h  of  these  cells  contains  one  kernel,  and  each  kernel  one  nucleolus.  It 
never  occurs  that  several  cells  are  enclosed  in  one.  I once  observed  on  the 
edge  of  such  a group  a kernel  (1),  which  was  not  enclosed  in  a cell.  In  the 
part  which  is  placed  mote  towards  the  exterior,  the  celts  were  more  arranged 
in  rows,  and  the  intercellular  substance  began  to  assume  a somewhat  granu- 
lar or  finely-fibrous  appearance. 

At  the  age  of  maturity,  the  tissue,  when  taken  parallel  to  the  direction  of 
the  fibres,  presents  a regular  appearance.  Tho  fibres  run  parallel,  and  be. 
tween  them,  at  regular  mutual  distances,  there  are  rows  of  elongated  ocllst 
kernels,  and  kernel-fibres  (fig.  140),  with  which  the  bundles  of  the  fibres  are 
lined. 

I believe  I may  conclude  from  this,  that  in  the  intervertebral  cartilages  the 
kernels  are  first  formed  in  a shapeless  cytoblastema,  and  that  around  each  ker- 
nel a cell  is  immediately  produced ; that  every  cell  is  formed  wholly  in  itself, 
and  not  in  the  interior  of  other  oelb ; that  the  greater  part  of  the  cells  arc  elon- 
gated in  a determinate  direction,  and  are  thus  placed  in  rows,  the  intercellular 
anbetanoe  becoming  first  finely  granular,  and  subsequently  fibrous ; — that  the 
greater  part  of  the  cells  disappear,  leaving  only  the  kernels,  which  are,  for 
the  greater  part,  elongated  into  kernel  fibres,  whilst  the  tissue  is  gradually 
rendered  firmer. 

When  small  and  soft  pieces  of  intervertebral  cartilage  are  boiled,  they  quickly 
assume  a gelatinous  appearance.  After  five  hours  boiling,  they  were  for  the 
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vertebral  fibrous  cartilages.  (For  these,  we  refer  to  figs.  13S, 
139,  and  1+0.) 

The  elastic  cartilages  are  very  characteristically  different 
from  the  two  kinds  of  which  we  have  hitherto  treated.  Their 
main  bulk  consists  of  a dense  net  of  very  fine  elastic  fibres  (fig. 
143),  enclosing  a great  number  of  isolated  cells  (figs.  141  and 
142).  These  cells,  when  boiled,  produce  chondrin.  As  re- 
gards the  presence  of  these  cells,  therefore,  elastic  cartilage 
resembles  true  cartilage,  which  seems  to  contain  the  same 
cells,  and  consequently  the  same  materials,  from  which  the 
cells  are  formed.  But  there  is  a real  difference  between  the 
elastic  and  the  true  cartilages,  since  the  great  number  of 
elastic  threads,  which  are  present  in  the  former,  cannot  be 
converted  into  chondrin  by  boiling,  but  remain  unaltered.* 

most  part  dUsoIred,  and  the  clear  filtered  nolation  contained  ^ranniar  kcmcti 
and  only  a very  few  cells.  In  the  pieces  that  were  left  nnduwolred,  the  fibrea 
could  hardly  be  longer  dUtinffniahed. 

I.iargc  piece*  of  this  cartilage,  after  haring  been  boiled  for  48  honm,  were 
not  yet  wholly  dissolrcd.  The  liquid  also  contained  some  kernels,  which  were 
for  the  greater  part  grannlar,  but  hardly  a single  cell. 

The  solution  was  evaporated,  first  treated  with  alcohol,  in  which  it  sweUed 
like  a spnnge,  and  then  with  ether. 

Beagents  acted  npon  it  in  a manner  very  similar  to  that  in  which  they  act 
upon  chondrin.  Thus  with — 

Tannic  acid Only  a flight  prmjnlatt  ajrpttirtd. 

Acetie  acid,  A larip!  precipitate,  mostly  disappearing  by  la 

excess  of  the  reagent. 

Hydrochloric  acid,  ...  A precipitate,  which  totally  disappeared  in  an 

excess  of  the  reagent. 

Basie  acetate  of  lead,  ...  A gelatincns  precipitate. 

Neutral  acetate  of  lead,  A white  flocky  precipitate. 

Ferro-cyanide  of  potassium, ) 

Ferri^ryanidc  of  potassium,  ) * precipitate. 

Bi  chloride  of  platinum,  A large  predpiUtU  not  reditfohed  by  an  exrett 

of  the  reagent. 

Alum,  A coherent,  floelry  preeipitate,  not  redinfolreA  by 

an  exceff  of  the  reagent. 

Pulphate  of  alumina,  ...  A smaller  precipitate,  dissolved  by  an  excess  of 

the  reagent. 

The  other  reactions  are  all  tho  same  as  those  of  chondrin,  except  that  gtat 
obtained  from  the  intervertebral  cartilages  yields  an  abundant  precipitate  with 
bi^rliloride  of  iron  (Dondorsi. 

* The  claetic  cartilage  of  the  ear,  taken  from  the  ear  of  the  same  individua] 
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Since  the  elastic  cartilage  of  the  ear,  when  boiled,  produces 
verj-  little  chondrin — the  cells  of  the  cartilage  being  but 
slowly  dissolved  when  thus  treated — it  appears  that  by  boiling 


whose  rib  cartilages  we  examined,  exhibits  in  the  first  place  this  peculi- 
aritj,  that  there  is  a gradual  transition,  or  rather  an  imperceptible  union  of 
the  skin  with  cartilaginous  tissue,  so  as  to  cause  a slow  conflnence  of  the  fibres 
of  the  skin  with  the  cartilaginous  tissue  (2),  of  which  the  former  arc  more  dis- 
tinctly brought  out  by  acetic  acid,  and  are  not  easily  soluble  in  potash  or  sul- 
phuric acid  (fig.  141,1',  thus  showing  a similarity  with  clastic  tissue.  These 
fibres  gradually  separate  from  one  another,  inclose  a continually  increasing 
number  of  cartilage  bodies,  and  are  insensibly  changed  into  the  fibres  of  the 
fibrous  cartilage.  This  presents  the  following  appearances. 

The  entire  tissue  consists  of  cells,  placed  closely  together,  intermixed  with 
fibres,  which  in  some  places  surround  the  cells  like  rings  (fig.  141  and  142). 
Those  that  arc  situated  between  the  cells  a)>pcar  in  some  places  broken  off 
and  shortened  ; perhaps  they  are  bent  down  to  a greater  depth.  The  fibres 
have  a dark  colour. 

The  cells  are  more  or  less  globular ; each  cell  contains  in  most  cases  one 
kernel,  sometimes  two  or  three,  or  they  arc  replaced  by  fatty  cells.  The  carti- 
lage bodies,  in  which  the  cells  of  the  rib  cartilages  arc  enclosed,  ns  I stated 
before,  are  not  present  here.  There  arc  no  chemical  means  by  which  we  can 
obtain  the  cells  of  the  cartilages  of  the  ear  by  themselves,  as  we  have  seen  could 
be  done  with  those  of  the  rib  cartilages  by  means  of  potash  and  sulphuric  acid. 
In  the  cell  kernels  a nucleolus  is  occasionally  found. 

After  having  been  kept  in  a strong  potash  ley  for  five  hours,  the  cells  with 
their  contents  disappear  entirely  on  the  addition  of  a large  quantity  of  water, 
and  in  the  sj>ots  where  the  cells  were  before  observed,  empty  spaces  arc  left — 
the  remaining  mass  consisting  of  exceedingly  fine  fibres,  interwoven  like  a net, 
which  are  not  dissolved  at  all  (fig.  143).  By  this,  as  by  all  the  other  re- 
agents, the  latter  arc  affected  in  exactly  the  same  manner  as  fibres  of  clastic 
timne.  The  undulating  fibres,  originating  in  the  skin,  where  they  take  up 
cells  between  them,  arc  there  woven  together  like  a net,  and  leave  meshes, 
in  which  the  cells  arc  enclosed.  The  whole  clastic  cartilaginous  tissue,  there- 
fore, is  composed  of  a basis  of  fibres  of  elastic  tissue  and  of  cells,  which  aro 
affected  by  reagents  in  the  same  manner  as  true  cartilage.  There  is,  however, 
this  difference  between  the  cells  of  the  clastic,  and  those  of  the  true  cartilages, 
that  the  former  arc  le.ss  elongated,  contain  fewer  fat  cells,  and  generally  a 
kernel  with  a nucleolus.  They  also  api>car  to  bo  more  readily  soluble  in  potash. 

The  fibres  of  the  clastic  tissue,  which  arc  present  in  the  clastic  cartilages,  aro 
difficult  to  be  seen.  This,  however,  arises  only  from  their  clo-cr  texture ; 
for  after  having  licen  treated  with  potash  and  water,  they  assume  the  appear- 
ance of  a fine  net  (fig.  143).  After  the  tissue  has  been  kept  in  strong  potash 
and  separsteel  from  the  cells,  it  still  retains  its  elasticity ; which  is  also  the 
case  with  that  of  the  cervical  ligament.  It  also  resembles  that  of  the  latter, 
after  the  strong  potash  has  acted  upon  it  for  a number  of  days,  viz. : — it  lie- 
comes  gelatinous,  divides  into  small  granules,  and  becomes  soluble  in  water. 
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true  cartilages  after  the  intercellular  substance  has  been  dis- 
solved, a tolerably  pure  solution  of  chondrin  may  be  obtained, 
provided  the  operation  be  not  too  long  continued. 


When  the  elastic  tUsne  of  the  ear  has  been  kept  in  strong  sulphnric  add  for 
seven  hours,  it  has  assumed  a brownish  eoiour,  and  a gelatinous,  swollen  appear- 
ance. The  addition  of  water  makes  it  contract  again  ; it  becomes  white  and 
elastic,  but  soft,  and  presents  itself  under  the  microscope  as  a compact  m«j« 
without  cells.  The  places,  where  the  cells  were  situated,  have  become  much 
smaller.  B;  their  elasticity  the  fibres  hare  contracted,  and  thus  the  apertures, 
in  which  the  cells  were  formerly  placed,  have  been  closed  op.  The  cells  an 
therefore  dissolved  by  sulphuric  acid  and  water,  leaving  a granular  contents 
behind,  but  the  fibres  remain,  having  iost  their  tran^panney,  a change  peculiar 
to  this  elastic  tissue  under  these  circumstances. 

A fragment,  which  was  kept  for  seven  hours  in  strong  acetic  acid,  had  re- 
tained the  celis,  and  the  fibres  also  were  left  unaltered.  Xo  real  change 
had  taken  place,  except  that  very  large  kernels,  each  with  a very  distinct 
nucleolus,  had  appeared  within  the  celis. 

The  elastic  cartilage  of  the  epiglottis,  which  is  considered  identical  with  that 
of  the  ear,  presents  under  the  microscope  a net  of  fibres  similar  to  that  of  the 
ear  cartilage,  in  which  very  transparent  ceils  are  enclosed.  The  fibres  can 
hero  be  more  easily  distinguished,  and  leave  some  empty  spaces  between  them. 
The  cells  are  less  crowded  than  in  that  of  the  ear,  and  contain  distinct  kernels, 
which  are  sometimes  surrounded  by  concentric  lines.  The  fibres  that  are  placed 
between  the  cells  pass  imperceptibly  into  those  by  which  the  fibrous  cartilage 
is  surrounded.  Upon  the  boundaries  nothing  but  kernels  can  be  seen,  which 
are  entirely  devoid  of  cells.  Only  a few  fat  globules  are  present  in  the  celli, 
the  latter  being  in  general  very  clear  and  transparent. 

After  haring  been  kept  in  strong  potash  for  two  hours,  the  tissue  can  with 
difficulty  be  distinguished.  On  the  addition  of  water  it  swells  veiy  mudi  sad 
quickly,  the  cells  arc  dissolved,  but  the  fibres  around  them  are  left  unchanged. 

Ko  real  difference  therefore  exists  between  this  cartilage  and  the  elastic  car- 
tilage of  the  ear. 

Joint-cartilages  of  the  sub-mariUary  joint  taken  from  the  snr&ee,  below 
the  serous  membrane.  ' 

They  present  numerous  cells,  packed  densely  together,  separated  from  one 
another  by  fibres.  Every  cell  contains  a kernel,  and  in  this  kernel  again  a 
nucleolus  is  frequently  found,  as  in  the  cartilage  of  the  ear.  Perhaps  th« 
cells  in  the  former  cartilage  are  placed  a little  closer  to  each  other. 

After  it  has  been  kept  in  strong  potash  for  fifty  hours,  its  several  parts  can 
no  longer  be  properly  distinguished.  When  water  is  added,  the  whole  is  dis- 
solved, except  the  numerous  threads  of  elastic  tissue.  Acetic  acid  makes  them 
contract  into  one  group,  which  it  the  utuai  effect  of  this  reagent  upon  elastic 
tissue. 

We  found  the  joint  cartilage  npon  the  chondyleof  the  lower  Jaw  of  the  cow  to 
consist  for  the  greater  part  of  true  cartilage,  containing  mostly  round  eartilafw 
corpuscles,  similar  to  those  of  the  cartilaginous  dissepiment  of  the  nose  of  a 
man  (Donders  and  Mulder.) 
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There  are  some  other  tissues  known  by  the  name  of  car- 
tilages, but  which  cannot  be  classed  either  with  the  true  or 
with  the  fibrous  cartilagea  To  these  belong  a mixture  of 
true  cartilaginous  tissue,  fibro-cartilaginous  tissue  (or  elastic 
tissue),  and  gelatinous  tissue,  such  as  is  represented,  for  in- 
stance, by  the  meniscus  of  the  sub-maxillary  joint* 


LL.  The  Tieiue  of  the  Jionee. 

In  a great  number  of  animals  we  find  certain  supports  of 
the  soft  parts,  which  serve  for  locomotion,  for  protection,  and 
for  other  purposea  When  these  supports  consist  of  hard 
substances,  viz.,  of  lime-salts  united  together  by  gelatinous 
tissue,  they  are  called  bonea 

They  vary  very  much  in  structure ; but  all  have  this  in 
common,  that  lime-salts  are  enclosed  in  a tissue  which  yields 
glue  by  boiling.  The  structure  of  the  bones  is  to  a great 
extent  determined  by  their  form.  Those  that  are  long,  have 
medullary  cavities  in  the  centre,  and  the  two  ends,  which  are 
of  a looser  texture,  are  similar  to  the  interior  of  the  flat  bonea 
Of  the  latter  the  external  layers  are  dense,  but  between  these 
dense  layers,  of  which  the  texture  approaches  in  appearance 
to  that  of  the  hard  parts  of  the  cylindrical  bones,  a looser 
texture  is  interposed,  which  is  similar  to  the  spungy  mass  at 
the  extremities  of  the  long  bones.  This  cellular  mass  con- 

* The  menitetu  of  the  sab-maxillary  joint  presents  numerous  bundles  of 
dark  fibres,  interwoven  with  one  another  in  different  directions,  between  which 
are  found  scattered  cells  of  fibrous  cartila^,  which  are  sometimes  placed  by  one 
another  in  groups. 

After  being  kept  for  fifty  hours  in  potash,  the  addition  of  water  causes  the 
appearance  of  a large  number  of  fine  fibres,  which  are  very  transparent, and 
present  themselves  ss  elastic  fibres,  which  belong  to  the  ligamentary  tissue ; 
some  few  cells  appear  besides.  By  this  re-action,  the  joint-cartilage  we  are  now 
treating  of  may  be  classed  with  the  elastic  cartilage  of  the  car.  After  being 
washed  with  water  the  cells  are  completely  dissolved,  and  only  the  threads  of 
elastic  tissue  are  left,  which  become  darker  by  acetic  acid. 

Strong  acetic  acid  renders  it  transparent,  and  makes  it  appear  as  transversely 
cot  thick  bandies,  which  in  some  places  are  similar  to  bundles  of  ligamentaiy 
tissue,  swollen  by  acetic  acid,  interwoven  with  threads  of  elastic  tissue. 

According  to  these  observations,  these  menisci  consist  of  gelatinous,  elastic, 
and,  as  far  as  the  cells  are  concerned,  cartilaginous  tissues. 
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sists  of  solid  bony  tissue,  within  which  are  found  small  cavi- 
ties, which  have  a mutual  communication. 

In  long  bones  these  cavities  are  towards  the  intenor  con- 
nected with  the  medullary  cavities  ; towards  the  exterior,  in 
the  more  solid  parts  of  the  bones,  they  are  in  communication 
with  small  cylindrical  canals.  These  are  called  medullary 
canals,  and  in  the  cylindrical  bones  they  run  parallel  to  the 
large  medullary  cavity  (fig.  149,  1).  They  are  also  con- 
nected with  one  another  by  transverse  little  channels  (2),  and 
constitute  a reticulated  system  of  canals  in  the  solid  mass  of 
the  bone.  Towards  the  interior  these  canals  become  wider  and 
pass  into  the  cells,  by  which  the  large  medullary  cavities  are 
surrounded.  In  consequence  of  the  large  number  of  these 
little  canals,  the  longitudinal  section  of  a solid  bone  has  a 
striated  appearance. 

These  canals  are  filled  entirely,  or  partly,  with  a fatty  sub- 
stance, which  is  probably  similar  to  the  medulla  of  the  bone 
cavities  ; besides  this,  they  also  enclose  blood-vessels. 

The  little  medullary  canals  are  placed  at  short  distances 
from  each  other  (fig.  146),  and  whilst  they  are  on  the  one  side 
in  communication  both  with  the  medullary  cells  of  the  great 
medullary  canals  in  the  long  bones,  and  with  one  another, 
they  are  externally  connected  with  the  vessels  of  the  mem- 
brane of  the  bone  (periosteum). 

Radiated  lines  proceed  from  the  circumference  of  the  trans- 
verse section  of  such  a little  medullary  canal  (fig.  147).  and 
at  some  distance  from  them  we  find  circular,  or  elliptic 
rings,  which  are  formed  by  an  equal  number  of  little  plates, 
of  which  the  medullary  canal  is  the  common  centre. 

Within  the  elliptic  rings,  around  the  medullary  canab, 
there  are  little  cavities  (fig.  147,  1),  which  are  called  lome 
corpuscle*,  or  more  properly  bone-cells,  or  bone-cavities.  These 
are  elongated  little  spaces,  containing  numerous  radiated 
fine  lines,  (these  little  rays  may  be  seen  at  fig.  144,  2,  and 
45,  8,)  and  placed  with  their  longitudinal  diameter  in  the 
direction  of  the  concentric  rings  around  the  transversely  cut 
medullary  canal.  They  are  situated  upon  this  curved  line 
at  regular  distances,  and  around  them  there  is  a second,  and 
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a third  row  in  succession  (fig.  147).  According  to  some,  they 
contain  a granular  substance,  which  dissolves  with  effer- 
vesence  in  dilute  hydrochloric  acid,  and  is  considered  to  be  a 
precipitate  of  bone  salts,  deposited  in  a cavity.  But  they  are 
rendered  very  distinctly  visible  by  the  use  of  Venice  turpeij- 
tine,  and  hence  it  would  appear  that  they  are  rather  to  be 
taken  for  cavities,  into  which  the  turpentine,  which  pene- 
trates the  remainder  of  the  mass,  cannot  enter,  although  these 
cavities  actually  contain  carbonate  of  lima 

Between  the  little  medullary  canals  and  the  cells  of  the 
bones,  just  mentioned,  we  find  gelatinous  tissue  united  with 
the  bone  salts.  This  tissue  has  the  appearance  of  little  plates, 
pressed  very  firmly  together,  and  consisting  of  an  intimate 
combination  of  the  gelatinous  substance  with  bone  salts. 
This  part  of  the  bony  matter  is  of  a finely  granular  structure, 
and  semi-transparent  (fig.  145,  2).* 


* TTv.  human  thigh-hone.  A transverse  section,  ground  into  a thin  plate,  ex- 
hibits (fig.  146)  round  or  elliptic  apertures  (1,  2,  8,  4,)  which  are  the  sections  of 
the  little  medullary  canals,  and  which  are  in  several  places  connected  together 
by  dark  channels  (fi).  The  latter  are  the  transverse  medullary  canals,  which, 
together  with  the  longitudinal  canals,  con.stitute  a net  of  intcrcommimication 
throughout  the  solid  substance  of  the  bone.  Towards  the  interior,  the  num- 
ber, and  generally  also  the  size,  of  the  sections  of  the  longitudinal  medullary 
canals  increase  (3,  4).  There  are  two  distinct  systems  of  bone-plates ; the  one 
lies  paraliel  to  the  surface  (6),  the  other  concentrically  round  the  medullary 
canals  (7).  All  the  exterior  plates  run  parallel  to  the  surface  of  the  bone ; 
and  the  medullary  canals  that  arc  placed  near  the  surface  (1,  2)  possess  either 
a few  concentric  plates  only,  or  none  at  all. 

Between  these  plates  of  the  bones  we  observe  small,  dark,  generally  oblong 
spots  (fig.  144, 1),  (bono-corpuscics,  bone-cavities,  bone-cells,)  which,  on  the  focus 
being  a little  removed,  soon  loose  their  dark  appearance,  a proof  that  they  are 
not  wholly  untransparent.  In  reflected  light  they  appear  white.  By  the  appii- 
cation  of  thick  Venice  turpentine  these  spots  become  darker  at  first,  and  there 
appear  very  distinctly  a great  number  of  ramifying  rays  (2),  which  proceed  from 
them  in  all  directions,  and  unite  with  those  of  the  neighbouring  bone-cavities. 
Thin  turpentine  enters  quickly  into  these  cavities,  and  into  the  fine  canals 
that  proceed  from  them,  so  as  to  render  them  almost  wholly  invisible. 

Between  the  plates  with  which  the  little  medullary  canals  arc  surrounded, 
we  find  similar  small  cavities,  of  which  the  rays  extend  through  the  piates  to- 
wards the  little  medullary  canal  (fig.  147). 

On  the  longitudinal  section,  the  littie  cavities  of  the  bone  also  appear  in  most 
eases  oblong  or  elliptic. 

When  taken  parallel  to  the  surface,  they  moat  frequently  approach  the  cir. 
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When  bones  are  digested  in  dilute  hydrochloric  acid,  they 
leave  gelatinous  tissue  behind,  having  the  form  of  the  bone. 
They  are  then  deprived  of  the  greater  part  of  their  salts,  have 
become  flexible,  and,  with  the  exception  of  the  vascular  coats. 


cular  form.  They  h&ve  therefore  the  Bhape  of  a lens,  and  their  broadest  sur- 
faces are  turned  towards  the  plates  of  the  bone.  They  may  be  considered  as 
cells,  or  cell-like  spaces,  flattened  between  the  bone-plates. 

The  human  os  vomerts.  The  thinner  part  of  this  bone,  even  before  harinf 
undergone  any  preparation,  presents  the  bone  cavities  very  distinctly,  although 
here  still  more  layers  are  found.  When  the  piece  is  ground  a little,  the  cavi- 
ties parallel  to  the  surface  (fig.  145, 1)  appear  in  most  cases  circular  or  sligh^y 
elliptic.  Here,  especially,  it  is  evident  that  they  are  hollow.  The  mere  addi- 
tion of  srater  renders  them  more  transparent  than  the  remainder  of  the  mass, 
which  has  a finely  granular  appearance  (2).  By  thick  Venice  turpentine  they 
become  very  distinct,  especially  in  the  beginning,  and  the  rays  which  proceed 
from  them  (3),  appear  distinctly  as  little  canala  Gradually,  however,  as  this 
liquid  penetrates  into  the  cavities,  they  become  less  distinct,  and  disappear  al- 
most entirely.  When  a thinner  kind  of  turpentine  is  used,  this  takes  place 
almost  immediately.  It  is  very  easy  to  follow  under  the  microscope  the  pro- 
gressive motion  of  the  turpentine  between  two  glass  plates. 

TTte  human  thigh  bone  digested  with  dilute  hydrochloric  acid.  On  the  trans- 
verse section  of  the  solid  substance  both  the  systems  of  bone  plates  may  be 
seen  much  more  distinctly  (fig.  146).  Under  a high  magnifying  power,  they 
present  themselves  as  alternating  dark  and  lighter  lines.  The  longitodioal 
section  presents  the  same  appearance  (fig.  148).  The  cavities  appear  to  be 
less  dark,  yet  they  may  be  easily  distinguished.  The  various  sections  prove 
that  here  also  they  have  generally  a lenticular  form.  In  some  of  them  we  pe^ 
ceived  one  or  more  small  bodies  (fig.  148,  3). 

The  rays  of  the  bone  cavities  are  very  distinct  in  the  concentric  plates 
round  the  little  medullary  canals.  They  do  not  seem  now  to  run  in  curved 
lines,  as  was  the  case  before  the  bone  was  digested  with  hydrochloric  acid 
(fig.  147). 

On  the  longitudinal  section  the  bone  cavities  (fig  148, 1)  appear  elliptic,  and 
the  plates  (2)  look  as  if  pierced  by  fine  parallel  canals,  which  are  probably 
nothing  else  than  the  fine  canals  that  proceed  fbom  the  cavities. 

By  a less  magnifying  power  the  longitudinal  section  presents  the  lonptudi- 
nal  mcdullaty  canals  (fig.  149,  1),  which  are  frequently  in  mutual  communi- 
cation by  lateral  branches  (2). 

The  human  caff  bom,  extracted  with  hydrochloric  acid,  is  in  every  respect 
similar  to  the  former.  It  appears,  in  a longitudinal  sectiou,  that  the  loagila- 
dinal  medullary  canals  have  here  less  mutual  connection  by  transvenc  canals, 
than  those  in  the  thigh  bone. 

The  thigh  bone  of  a frog,  extracted  with  hydrochloric  acid,  presents  only  one 
central  medullary  canal  on  a traiuverse  section.  This  entire  botM  may  be  oon- 
sidered  as  one  single  medullary  canal,  surrounded  by  its  coneontrie  plates. 
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maj  be  almost  wholly  converted  into  glue  by  boiling,  &c.  The 
structure  of  this  tissue  is  so  very  laminar,  that  the  plates 
may  be  separated  from  one  another  by  means  of  a pointed 
body,  both  those  that  are  situated  round  the  medullary  canals 
and  those  that  do  not  belong  to  these  canala  When  the  bones 


The  reye,  which  proceed  from  the  medalUry  canal,  and  pierce  through  the 
plates  of  the  bones,  are  very  distinctly  visible.  The  bone  cavities  near  the 
snr&ce  are  very  large,  and  contain  in  most  cases  very  distinct  kernels,  and  even 
sometimes  cells. 

A human  thigh  bone  extracted  with  hydrochloric  acid.  On  a thin  longitu- 
dinal section,  which  has  been  kept  for  five  hours  and  a half  in  a strong  solution 
of  potash,  the  lines  by  which  the  bone  plates  are  surrounded  have  become  gra- 
nular, although  they  are  still  easily  recognised.  The  bone  cavities  are  not 
visible.  On  the  addition  of  water  the  bone  plates  become  less  sharply  defined ; 
the  cavities,  on  the  contrary  (fig.  150, 1 ),  become  distinctly  visible,  swell  a little, 
and  each  of  them  appears  to  contain  a kernel,  or  even  several  in  a row,  some- 
times even  a cell  (2).  They  resemble  the  cartilage  corpuscles  existing  before 
ossiBcation  has  taken  place,  and  are  situated  in  rows  between  the  bone  plates, 
in  the  same  manner  as  the  cartilage  corpuscles  in  the  neighbourhood  of  the  os- 
siBed  plates,  during  the  process  of  ossiBcation. 

A section  parallel  to  the  surface,  after  having  been  kept  in  strong  potash  ley 
for  fire  hoora,  became  very  sofL  The  bone  cavities  are  visible  without  the  addi- 
tion of  water,  have  a globular  form,  and  present  a granular  appearance.  When 
water  is  added,  nearly  the  whole  is  dissolved ; only  a few  small  corpuscles  being 
left,  which  resemble  bone  cavities.  These  cavities,  therefore,  or  part  of  them  at 
least,  appear  to  contain  walls  of  their  own,  and  to  be  actually  cells.  One  of  them 
revolved  in  the  liquid,  and  appeared  very  flat  on  the  other  section.  They  do 
not,  therefore,  swell  into  globular  cells,  which  is  perhaps  owing  to  their  walla 
being  pierced  through. 

While  examining  a section,  taken  parallel  to  the  surface,  we  observed,  besides 
the  bone  cells,  other  large,  roundish,  floating  bodies,  which  presented  a oellu- 
lar  structure,  and  were  untransparent.  Probably  these  were  derived  from  the 
contents  of  the  medullary  canals,  and  are  not  to  be  confounded  with  the  cells 
of  the  bone. 

A transverse  section,  after  having  been  kept  in  potash  ley  for  five  hours,  pre- 
sents a concatenation  of  spheres,  of  a tolerably  large  size,  especially  in  the  neigh- 
bourhood of  the  medullary  canals.  They  are  of  unequal  size,  and  must  undoubt- 
edly be  considered  as  little  soap-globules,  formed  by  the  combination  of  the 
potash  with  the  fat  of  the  medullary  canals,  and  insoluble  in  the  excess  of 
potash. 

A transverse  section,  which  has  been  kept  for  fire  hours  in  strong  sulphuric 
acid,  had  become  for  the  greater  part  transparent,  except  in  those  places  where 
medullary  caiurls  exist.  The  structure  is  not  recognisable.  On  the  addition 
of  water,  the  bone  cavities  reappear,  each  containing  one  or  two  kernels,  and 
sometimes  a row  of  granules.  (Donders  and  Mulder.) 
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have  been  digested  in  acid,  the  medullary  cavities  and  the 
cells  of  the  bones  are  visible.* 

We  have  therefore  to  consider  the  bone- tissue  as  consisting 
of  two  sets  of  little  plates,  one  of  which  (fig.  146,  7)  surround- 
ing the  little  medullary  canals,  which  are  placed  parallel  to 
the  axis  of  the  bone,  consists  of  a number  of  little  hollow 
cylinders  enveloping  one  another,  between  which  a large 
number  of  ramifying  cells  are  placed  ; whilst  the  other  set 
(6)  encloses  the  canals  and  cells,  and  connects  them  toge- 
ther. The  fundamental  substance,  however,  of  the  soft  bony 
matter  may  be  considered  as  a compact  ligamentarj’  tissue, 
without  any  distinct  structure,  containing  both  cells  and  little 
vessels.  The  cells  constitute  the  so-called  bone-coq>uscles, 
and  may  be  compared  with  the  cells  of  the  cartilage,  the  shape- 
less fundamental  substance  or  base  with  that  of  the  carti- 
lages, whilst  little  canals  remain,  as  ossification  takes  place, 
around  the  vessels. 

The  type,  therefore,  of  the  form  of  the  bony  tissue  is  found 
in  true  cartilaginous  tissue,  which  has  obtained  blood-vessels. 

The  tissue  of  the  bones  is  very  loose,  and  in  the  lai^  me- 
dullary cavities  of  cylindrical  bones  large  cavities  are  found 
A great  number  of  blood-vessels  and  fat-cells  are  accumulated 
here.  The  medulla  penetrates  through  the  medullary  canals, 
and  so  through  the  whole  solid  mass  of  the  bones.  Generally 
the  fat  in  the  bones  is  more  fluid  than  that  which  is  found 

* Von  Bibrs  has  anaij’sed  the  gelatinoas  lissac  of  the  bones  (.Vnn.  dcr  Ch» 
mie  und  Phannacie,  April,  1844,  p.  151),  and  found  : — 


Fossil  bones.  Ox  bones. 

C 60.401  60.130 

H 7.111  7.078 

N 18.154  18.449 

O 24.336  24.348 


This  is  the  same  composition  as  that  of  gelatinoas  tissue,  found  hj  Scheercr 
(see  p.  850).  These  results,  however,  hare  given  too  much  hydrogen,  as  ns 
the  case  with  those  of  Scheercr  with  gelatinous  tissue. 

In  the  recently  published  work  by  You  Uibra,  entitled,  Die  KnocJteH  nd 
Z'ahiu,  the  author  has  added  greatly'  to  our  knowledge  of  the  bones ; and  besides 
sercra  analyses  of  this  gelatinous  tissue,  p.  396,  he  has  mentioned,  that  the 
gelatinous  substance  of  the  bones  contains  on  an  average  0.216  |>er  cent  of  tsl 
phur,  which  sulphur  is  not  found  in  boiled  glue. 
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in  the  other  parts  of  the  animal  body,  and  contains  a large  por- 
tion of  elain.  In  the  spungy  extremities,  and  in  the  looser 
parte  of  the  flattened  bones,  this  fat  is  to  a great  extent  re- 
placed by  a reddish  semi -fluid  mass,  of  which  the  composition 
is  not  yet  properly  known.  It  would  appear,  that  this  mass 
contains  a large  portion  of  extractive  matters. 

Arteries  run  into  and  veins  proceed  from  thebonea  They 
are  spread  through  the  whole  substance  of  the  bones,  after 
haring  first  entered  into  the  medullary  cavities,  whence  they 
extend  themselves  through  the  little  canals  of  the  bones  men- 
tioned above  Besides  these,  a great  many  other  small  arte- 
ries find  their  way  from  the  periosteum,  a membrane  with 
which  the  bones  are  externally  surrounded,  Into  the  solid 
bony  substance,  and  passing  through  the  little  channels,  are 
diflfused  through  the  mass  uniting  with  the  little  vessels  just 
mentioned. 

There  are  two  kinds  of  bone  salts  : first,  those  belonging  to 
the  blood,  the  medulla,  and  other  soft  or  liquid  parts,  which 
are  therefore  not  essential  to  the  bones  themselves ; and, 
secondly,  those  that  must  be  considered  as  part  of  the 
bones  properly  so  called.  The  latter  are,  phosphate  of  lime, 
having  the  formula,  8 Ca  0 3Ph  0®  (this  salt  is,  according 
to  Graham,  composed  according  to  the  formula,  3 Ph  0®, 
8 Ca  0,  H 0,  and  must  therefore  be  considered  as  Ph  0®, 
3 R O,  or  a tribasic-terphosphate) ; with  carbonate  of  lime, 
phosphate  of  magnesia,  carbonate  of  magnesia,  and  fluoride 
of  calcium,  the  proportion  of  the  latter  being  very  minute. 
The  greater  proportion  consists  of  phosphate  of  lime ; then 
comes  carbonate  of  lime ; the  quantity  of  the  others  is  much 
smaller.  The  proportion  of  these  salts  varies  with  the  difier- 
ence  in  the  kind  of  bones,  and  in  age.  Berzelius  found  in  100 
parts  of  human  bones,  33.3  parts  of  organic  matter  and  66.7  of 
inorganic  matter,  the  latter  consisting  of  63.04  per  cent,  of 
phosphate  of  lime,  11.30percent  of  carbonate  of  lime,  1.16per 
cent  of  phosphate  of  magnesia,  andl.20percent.  of  soluble  salts 
from  the  blood,  The  33.3  per  cent  of  organic  matter  con- 
tained 1.13  percent  of  substances  insoluble  in  water,  consist- 
ing of  the  coats  of  the  vessels,  &c.  The  rest  consisted  of  gela- 
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tinous  tissue  and  of  the  soluble  part  of  the  medulla.  The  pro- 
portion of  inorganic  substances  is  stated  to  be  different  in 
different  bones ; the  proportion  of  lime -salts,  for  instance, 
being  greater  in  the  dense  than  in  the  looser  parts  of  the  cj- 
lindrical  bonea  Thus  Frerichs  found 

Spungy  bones.  Compact  bones. 

Organic  substances  38.22  37.42  31.46  30.94 

Phosphate  of  lime  60.24  61.38  6&70  69.50 

Carbonate  of  lime  11.70  10.89  10.08  9.46 

A great  many  similar  determinations  have  been  made  by  Yon 
Bibra.  (See  Die  Knochen,  &c.) 

In  the  disease  which  is  known  by  the  name  of  rhachitis 
(rickets),  the  lime-salts  decrease  in  quantity,  which  has  the 
effect  of  making  the  bones  flexible  ; in  old  age  these  salts  in- 
crease, and  hence  the  bones  are  rendered  fragile* 

We  have  mentioned  before  (p.  329),  that  before  ossification 
has  taken  place,  the  gelatinous  tissue  of  the  bones  when 
boiled  yields  chondrin,  and  not  glue  or  gelatine  That  tissue 
of  chondrin  (true  cartilaginous  tissue)  contains  blood-vessels, 
and  from  these  a two-fold  change  commences,  first,  a change 
of  chondrin,  or  cartilaginous  tissue,  into  gelatinous  tissue, 
and  at  the  same  time  a deposition  of  bony  matter.  These 
two  changes  take  place  simultaneously,  and  as  they  are 
also  perceived  in  the  rib-cartilages,  there  is  a relation  of 
causation  between  them.  The  nature  of  this  relation,  how- 
ever, is  yet  unknown.  It  would  appear,  however,  that  as 
the  blood-vessels  in  the  cartilages  are  developed,  the  sub- 
stance which  they  form  becomes  soft,  and  very  much  im- 
pregnated with  moisture,  and  that  the  change  of  materials 
being  thus  as  it  were  prepared,  the  chondrin  of  the  bones  is 
converted  into  gelatine,  whilst  at  the  same  time,  bone-salts 
are  supplied  from  the  blood,  to  be  simultaneously  deposited 
within  the  gelatinous  tissue,  when  in  the  act  of  productioa 
The  proportion  of  the  inorganic  and  organic  constituents 

* Bones  bare  been  analysed  by  several  chemists,  viz.,  MarchnnJ,  Journal  fur 
Pract.  Chemie,  B.  27,  8.  86.  Xassf,  ibidem,  S.  274.  /VerirAs,  Ann.  derChe- 
mie  und  Pbarmacio,  B.  43,  8.  251.  /lett,  Philoaopb.  Hagaaine,  1640,  Jan. 
Slari,  £din.  Medical  and  Surgical  Journal,  1846. 
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in  l>ones  does  not  indicate  in  what  way  the  former  are  com- 
bined with  the  gelatinous  tissue,  because  we  find  in  bones, 
besides  other  salts,  carbonate  of  lime  also,  and  this  certainly 
does  not  form  a chemical  combination  with  the  gelatinous  sub- 
stance. The  phosphate  of  lime  is  the  only  salt  that  can  here 
be  taken  into  account,  and  experiments  by  Frerichs*  and  Von 
Bibrai*  seem  to  show  that  this  salt  does  actually  form  such  a 
combination,  although  the  results  of  the  analyses  of  these 
combinations  of  gelatine  and  phosphate  of  lime  do  not  all 
agree  Prom  a mixture,  consisting  of  a solution  of  gelatine 
from  bones  and  of  phosphate  of  lime  (bone-earth)  in  hydro- 
chloric acid,  Frerichs  obtained  precipitates  by  ammonia,  which 
contained  respectively  28.2 — 27.4—24.4  per  cent,  of  gelatine, 
whereas,  according  to  the  formula  for  gelatine,  as  established 
by  me,  this  compound  ought  to  contain  26.2  per  cent  Von 
Bibra  found  in  similar  precipitates  from  23.25  to  24.7  per  cent, 
of  gelatine 

Tt  would  appear,  therefore,  that,  provided  the  experiment 
be  made  with  due  precaution,  there  exists  a combination  of  ge- 
latine with  phosphate  of  lime,  which  has  a constant  composi- 
tion. This  compound,  assuming  the  composition  of  phos- 
phate of  lime,  as  given  by  Graham,  to  bo  correct,  may  contain 
1 equivalent  of  gelatine  (=  0®)  in  place  of  1 

equivalent  of  water,  and  may  therefore  be  considered  as 
3 Ph  0®  -I-  8 Ca  0,  Ci®  Hi®  N®  0® 
instead  of  3 Ph  0®  -f  8 Ca  0,  HO. 

I must  remark  here,  that  I myself  have  not  made  one 
single  experiment  of  this  kind,  as  Von  Bibra  seems  to  think 
(p.  63),  but  that  1 have  drawn  this  conclusion  from  those 
made  by  him  and  Frerichs. 

We  have,  therefore,  every  reason  to  consider  the  phosphate 
of  lime  in  bones  as  being  chemically  combined  with  the  ge- 
latinous substance,  although  it  will  probably  not  be  possible 
entirely  to  overcome  the  difficulties  attending  the  determina- 
tion of  this  combination. 

We  are  yet  uncertain  in  what  part  of  the  bones  the  car- 

* Annalen  der  Cbemie  und  Phanuocie,  Sept  1842.  S.  2C2. 
f Die  Knocben.  S.  62. 
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bonate  of  lime  is  found  Von  Bibra  follows  those  who  pre- 
ceded him  in  assuming  (p.  45)  that  this  salt  is  found  in  the 
bone  corpuscles,  and  that  it  exists  besides  in  their  ramifica- 
tions. 

It  is  difficult  to  decide  this  matter.  As  yet  no  fixed  pro- 
portion has  been  found  between  the  phosphate  of  lime  and 
the  gelatinous  substance  in  bones  which  are  fully  developed  ; 
and  if  there  were  only  one  chemical  combination  of  these 
two  substances,  this  proportion  ought  to  be  found  constant 
in  all  kinds  of  bones. 

The  analyses  of  bones,  however,  that  have  as  yet  been 
made,  do  not  indicate  such  a simple  combination.  If,  how- 
ever, this  could  be  shown,  as  fur  as  developed  or  full-grown 
bones  are  concerned,  then  it  might  be  asked  what  the  com- 
position of  bones  is  in  old  age,  when  the  proportion  of 
phosphate  of  lime  is  constantly  on  the  increase.  It  is  pos- 
sible, however,  that  there  are  other  chemical  combinations 
of  phosphate  of  lime  and  gelatine,  besides  that  of  equal 
equivalents,  and  that,  for  instance  in  old  age,  a basic  com- 
pound may  gradually  be  formed.  Finally,  no  account  has 
yet  been  given  as  to  the  manner  in  which  either  carbonate  of 
lime  or  the  other  salts  exist  in  the  bonea 

MM.  Fat  Tissue  ( Tela  adiposa ). 

Fat  may  be  called,  in  the  entire  meaning  of  the  word,  an 
organised  substance,  as  strictly  as  the  elementary  tissues 
of  the  animal  body,  of  which  we  have  hitherto  treated. 
It  neither  lies  free  in  the  cavities  of  the  ligamentary  tissue, 
nor  can  it  be  viewed  as  a secretion  of  the  latter,  but  is  con- 
tained in  peculiar  cells,  which  exist  independently  in  its 
cavities. 

Fat  cells  are  membranaceous  little  bags, closed  on  every  side, 
a large  number  of  which  is  often  contained  within  one  and 
the  same  cavity  of  the  ligamentary  tissua  They  are  globular, 
have  a very  glossy  surface,  and  a similar  border  of  a pure  white 
colour,  and  they  are  therefore  to  be  considered  as  organs  of  a 
peculiar  kind.  Generally,  the  membranes  of  the  lat  cells  are 
found  hanging  like  bunches  of  grapes  on  small  ramifications 
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of  blood-vessels,  which  form  a capillary  system  in  the  exte- 
rior membrane  In  the  living  body  these  membranes  are  filled 
with  liquid  fat,  which,  when  removed  from  them, — by  means 
of  ether  for  instance, — assumes  a crjstalline  appearance. 

The  fat  cells  may  easily  be  distinguished  from  drops  of  fat, 
as  the  latter  can  be  made  to  flow  together,  and  are  not  glo- 
bular, but  lenticular.  The  size  of  these  drops  is  variable, 
whereas  the  fat  cells  in  the  same  organ  are  not  very  difierent 
in  this  respect  (fig.  151). 

The  membrane  of  the  fat  cells  is  in  most  cases  very  thin, 
and  sometimes  contains  one,  seldom  two  kernels.  In  -some 
cases,  viz.,  in  emaciation,  according  to  Todd  and  Bowman, 
lines,  which  are  considered  as  crystals  of  solid  fat,  radiate 
from  one  point  of  the  surface.  When  the  cells  are  treated 
with  ether,  the  fat  is  extracted  through  the  membrane,  which 
then  collapses  like  an  empty  bag  (fig.  153).  According  to 
Ilenle,  acetic  acid  dissolves  the  membranes  and  makes  the 
contents  of  several  cells  flow  together.  This  has  not  been 
confirmed  by  our  observations,  as  we  found  one  of  the  two  cel- 
lular membranes  which  cover  each  other  insoluble  both  in 
strong  acetic  acid  and  in  potash.  The  exterior  membrane, 
namely,  appears  to  be  soluble,  but  another  below  this,  which 
encloses  the  fat,  is  insoluble  (fig.  152). 

These  fat  cells  are  found  in  the  human  body,  below  the 
skin  in  the  loose  ligamentary  tissue,  in  the  omentum  and  me- 
sentery, and  on  several  other  placea* 

• The  fax  cells  from  the  kidney  beds  of  a pig  are  very  large,  oblong,  and 
filled  with  a granular  contents.  Those  from  a sheep  arc  angular.  Strong 
acetic  acid  loosens  them  entirely,  and  they  are  made  to  float  in  the  air  (fig. 
1 52).  The  kidney  beds  of  a cow  also  give  poly.edric  fat  cells,  which  arc  equally 
loosened  by  strong  acetic  acid,  and  hence  appear  to  contain  a soluble  ligament- 
ary  substance.  Those  of  a calf,  which  are  of  a smaller  size,  have  the  same 
properties.  Those  from  a human  body  are  still  smaller  (fig.  151).  In  none  of 
these  can  any  kernels  be  seen  (fig.  151). 

Pork  suet,  (hog's  lard),  when  extracted  with  ether,  leaves  very  thin  transpa- 
rent membranes,  having  a granular  structure  (fig.  153).  They  have  become 
eoUapseJ  and  lost  their  cellular  form.  Acetic  acid  docs  not  dissolve  them  nor 
change  their  granular  appearance. 

The  cellular  membranes  of  the  calf  arc  not  dissolved  by  a strong  potash  ley. 
The  cells  retain  their  form  even  after  the  action  has  continued  for  an  hour. 

The  £at  cells  of  a sheep,  when  extracted  with  strong  acetic  acid,  have  their 
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Fat  is  easily  produced  by  abundance  of  nutriment,  especially 
of  food  that  is  rich  in  fat,  and  it  is  re-absorbed  when  there  ia 
a want  of  nutriment  in  the  body.  In  some  animals  fat  ac- 
cumulates about  the  time  that  the  winter  sleep  commences, 
and  decreases  again  very  much  during  that  sleep.  This 
periodic  change  of  the  quantity  of  fat  involves  the  production 
of  the  fat  cells  in  some  obscurity.  We  do  not  know  whe- 
ther these  cells  disappear  entirely,  or  merely  the  fat  which 
they  contain,  although  the  latter  is  most  probable.  Neither 
is  it  known  of  what  kind  of  chemical  substance  the  mem- 
branes of  the  fat  cells  are  composed.  It  is  certain,  however, 
that  they  differ  from  fat,  and  are  insoluble  in  alcohol  or  ether. 
The  outermost  of  the  two  membranes,  which  enclose  each 
other,  seems  to  be  gelatinous  tissue ; the  innermost  does  not 
consist  of  this  substance. 

The  fat  contained  in  these  cells  is  different  in  different 
animals.  It  consists  of  the  fatty  acids,  enumerated  before 
(p.  249),  in  most  cases  combined  with  oxide  of  lipyL  They 
are  frequently  mixed  together,  for  instance,  margarin  and 
elain  in  the  human  body,  &c. 

membrane  also  rendered  granular  and  untransparent.  This  reagent  makes 
the  membranes  give  way,  retaining  the  shape  of  the  fat  cells,  bat  they  tbeia- 
selves  remain  unaltered.  Hence  it  appears  that  there  has  been  dissolved  a 
substance  by  which  the  cells  are  held  together,  and  whieh,  enveloping  the 
whole  cells,  must  be  considered  as  a second  cellular  membrane.  The  interior 
membranes  are  insoluble  in  acetic  acid ; neither  are  they  dissolved  nor  altered 
by  a strong  potash  Icy,  not  even  after  the  addition  of  water.  They  remain 
equally  unaffected  when  digested  with  strong  potash  at  a temperature  of  1 7S* 
F.,  and  still  continue  so  when  water  has  been  added.  The  cells,  however,  ate 
separated  from  one  another,  showing  that  the  substance  by  which  they  were 
kept  united  has  been  dissolved,  whilst  the  cells  have  been  deprived  of  the 
whieh  they  contained.  Not  even  a trace  has  appeared  of  any  other  contents, 
but  fat. 

The  /at  ceUt  of  o »htep,  taken  from  the  interior  of  the  belly,  were  kept  in 
strong  potash  for  seven  hours,  and  remained  unaltered.  By  the  addition  at 
water,  the  exterior  membrane  first  swells,  is  changed  into  a fine  granular  sub- 
stance, and  is  then  dissolved.  The  cell  retains  its  form,  however,  and  floats  in 
the  liquid  unchanged.  A second  membrane,  therefore,  insoluble  in  potash, 
incloses  the  fat.  This  membrane  can  also  be  rendered  risible  by  pressure. 

Aeetic  acid  renders  the  exterior  covering  of  the  fat  cells  very  iran<parenl 
• and  swollen,  but  the  fat  eell  with  granular  contents  undergoes  no  further  change. 
We  have  not  been  ablo  to  make  out  of  what  these  membranes  consist.  (Doo- 
ders  and  Mulder.) 
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In  animals  the  general  mixture  of  fats  is  not  always  the 
same.  There  may  even  be  a considerable  difference  in  the 
proportions  of  their  component  parts.  The  kidney-beds  in 
cows,  for  instance,  contain  a much  larger  proportion  of  stea- 
rin than  the  fat  of  the  ligamentary  tissue  below  the  skin  of 
the  same  animals ; whilst,  on  the  contrary,  the  proportion  of 
elain  is  in  great  excess  in  the  medullary  cavities  of  their 
bones.  The  membranes  of  the  fat-cells,  therefore,  take  an 
active  part  in  the  formation  of  fat,  and  are  not  merely  the 
receptacles  of  a generally  diffused  fatty  matter. 

Spermaceti,  which  is  found  in  a cavity  of  the  head  of  the 
Physeter  macrocephalus,  and  the  peculiar  kinds  of  fat  ex- 
isting in  the  brains  of  all  animals,  arc  ample  proofs  of  the 
accuracy  of  this  statement.  It  is  probable,  however,  iimm 
the  comparative  table  given  at  p.  255,  that  peculiar  fats  may 
easily  be  formed  from  the  more  general  kinds,  by  the  addi- 
tion or  subtraction  of  oxygen,  which  is  carried  into  the  blood 
through  the  lungs. 

In  a histological*  point  of  view,  however,  we  must  distin- 
guish two  kinds  of  fat  in  the  organism, — viz.,  that  which  is 
enclosed  in  the  cells  just  mentioned,  and  that  which  is  che- 
mically combined,  that  is,  united  with  other  substancea  We 
have  seen  that  the  former  is  found  in  the  loose  cellular  tissue, 
which  is  so  very  generally  diffused  ; the  latter  is  present  in 
the  brain  and  in  the  fluid  parts  of  the  body. 

The  chyle  contains  the  fat  which  is  absorbed  from  the 
food.  The  reaction  of  the  chyle  is  alkaline,  and  therefore 
the  neutral  fats  of  the  food  are  wholly,  or  in  great  part,  sa- 
ponified, either  before  they  enter  into  the  blood  or  shortly 
afterwarda  With  the  exception  of  those  fats  that  are  not 
capable  of  being  converted  into  a soap,  such  as  cholesterine, 
no  neutral  fats  have  been  found  in  the  blood,  as  long  as  it 
remains  in  a healthy  condition.-f*  It  contains,  therefore,  mar- 
garates,  eleates,  and  in  many  animals  stearates,  and  other 
soaps  of  soda.  These  compounds  of  fatty  acids  with  bases, 
soluble  in  water,  ore  the  materials  which  serve  for  the  pro- 


* Histology  is  the  doctrine  of  the  elementary  parts  of  plants  and  animals. 
See  Simon.  Med.  Cbemie,  ii.  p.  230. 

2 P 


Digitized  by  Google 


572 


THE  CUt'MISTUY  OF 


duclion  of  the  fat -tissue  and  the  fatty  suhstanees  that  are  in 
chemical  combination,  existing  in  the  brain,  the  liver,  and 
the  kidneys.  These  compounds  are  to  be  worked  up,  and, 
with  the  separation  of  their  alkaline  base,  soda,  must  be  re- 
converted into  neutral  fats  by  combining  with  oxide  of  lipyle 
or  other  bodies.  In  the  substance  of  the  brain,  for  instance, 
and  in  the  parenchyme  of  the  liver  and  the  kidneys,  we  find 
fats  intimately  combined  with  albumen,  whence  these  sub- 
stances, on  being  rubbed  with  water,  form  an  emulsion,  simi- 
lar to  that  obtained  by  crushing  almonds  or  linseed,  and  rul>- 
bing  them  in  the  same  way.  A similar  combination  of  fat 
and  albumen  is  found  in  the  bile,  which  evidently  contains 
fatty  acids  ; but  so  intimately  combined  with  the  bile,  that, 
although  there  is  an  excess  of  soda  present,  acids  cannot  pro-  i 
duce  a precipitate  of  fatty  acid  in  that  secretion. 

The  separation  of  the  soda  from  the  fatty  salts  which  arc 
present  in  the  blood,  takes  place  in  the  capillary  system,  by 
the  Influence  of  the  carbonic  acid  which  is  produced  there. 

The  fatty  acids,  on  being  set  free,  must  at  the  same  place 
find  o.xide  of  lipyle,  with  which  they  can  reproduce  neutral 
fats.  (See  p.  255.) 

When  fats  in  the  animal  body  are  produced  from  those  that 
exist  in  the  food,  there  must  happen  in  every  case  a conver- 
sion of  neutral  fats  into  fatty  acids,  and  again  of  the  latter 
into  neutral  fats.  But  there  must  take  place  besides  a change 
in  the  relative  proportions  of  margarin  and  elain  ; in  the 
human  body,  for  instance,  the  fats  of  which  contain  inarga- 
rin  and  elain  in  a definite  proportion — if  the  requisite  pro- 
portion of  these  is  not  supplied  to  it  in  the  food.  It  is  evi- 
dent, for  example,  that  olive  oil,  which  contains  much  elain 
and  but  little  margarin,  cannot  be  converted  into  human  fat 
without  previously  undergoing  a change.  Further,  there  must 
take  place  a conversion  of  one  fatty  substance  into  another ; 
for  instance,  of  margarin  into  stearin,  or  rice  rersa ; and 
lastly,  according  to  Liebig’s  experiments,  a conversion  of 
starch  (dextrin  and  sugar?)  into  fat 

The  latter  substances  must  lose  oxygen,  in  order  to  l»e 
converted  into  fat,  as  they  do  in  the  vegetable  kingtlom. 
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Consequently  tliey  are  produced  by  de-oxidising  influences, 
whilst  under  the  same  circumstances  fats  containing  little 
oxygen  are  formed  from  such  as  contain  more.  When,  for 
instance,  cholesterin,  which  exists  in  the  blood,  in  the  bile, 
and  in  the  brain,  is  formed  from  margaric  acid,  the  latter 
must  lose  a great  deal  of  oxygen  and  hydrogen,  and  take  up 
carhon ; thus — 

Margaric  acid,  C®*  0® 

Cholesterin,  C®7  H®®  0. 

The  fats  of  the  animal  body  are  therefore  subject  to  an  alter- 
nate oxidation  and  de-oxidation.  The  former  takes  place,  no 
doubt,  in  the  lungs  ; the  latter  in  the  capillary  system  : both, 
therefore,  in  the  blood.  After  having  been  prepared,  accord- 
ing to  the  circumstances  in  which  they  were  placed,  they  are 
removed  from  the  blood  and  deposited  at  determinate  places, 
to  be  again  taken  up  from  thence,  and, — after  having  previ- 
ously formed  unknown  intermediate  products,  which  must 
contain  a continually  increasing  proportion  of  oxygen,  and 
ought  to  exist  in  the  blood, — finally  expelled  by  the  lungs 
in  the  form  of  carbonic  acid. 

If,  for  instance,  butyric  acid  is  to  be  formed  from  mar- 
garic acid  in  the  body  of  a cow,  then  the  comparison 
Margaric  acid,  H®®  0^  4-  0® 

= Eleo-butyrlc  acid,  C®'*  H®1  0®  -|-  4110 
shows  that  five  equivalents  of  oxygen  must  first  be  absorbed 
to  produce  eleo-butyric  acid ; and  when  the  latter  acid  is 
afterwards  to  he  converted  into  butyric  acid,  the  formula  of 
Eleo-hutyrlc  acid,  C®*  H®1  0®  lessened  by 

Four  atoms  of  butyric  acid,  C®®  H®®  0^ 

Leaves  - - C®  H®  0^  which,  with 

6 of  oxygen,  - - 0® 

Give  - - C®  H®  07  = 2C0®  -|-  3H0 

— or  six  equivalents  of  oxygen  are  required  to  form,  with  the 
elements  separated  from  the  liquid  fat  of  butter,  two  equiva- 
lents of  carbonic  acid  and  three  of  water.  This  change 
takes  place  out  of  the  animal,  by  exposing  the  eleo-buty- 
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ric  acid  to  the  air  ; but  it  illustrates,  nevertheless,  in  how 
simple  a manner  the  fats  in  the  animal  body  may  be  changed. 

That  margarin  and  elai'n  may  be  converted  into  stearin 
by  the  agency  of  de-oxidising  influences,  even  although  en- 
tirely without  the  organism,  is  well  known  since  the  investi- 
gations instituted  on  the  subject  by  Beetz* ; for  he  has  found 
that  the  adipodre  of  Fourcroy  and  Vauguelin  consists  of  stea- 
rin, mixed  with  stearic  soaps.  The  fatty  matters  of  the 
dead  bodies  of  men  become  harder  and  more  solid  in  the 
course  of  time,  and  are  converted  into  stearin,  in  con- 
formity with  the  views  stated  regarding  this  change  at  p. 
251,  which  is  applicable  at  least  to  margarin. 

The  formation  and  absorption  of  fats  are  therefore  a very 
important  source  of  change  of  materials  in  the  animal  body, 
the  influence  of  which  is  not  exclusively  confined  to  the 
formation  of  new  products,  as  this  very  formation  serves  in 
its  turn  to  excite  other  actions.  For  these  fats  are  not  only, 
after  being  taken  up  from  the  plant,  and  for  a time  incor- 
porated with  the  animal  body,  again  expelled  from  it  in  the 
form  of  carbonic  acid  and  water  ; but  they  are  to  be  consi- 
dered as  highly  important  substances,  eminently  fitted  for 
the  production  of  a variety  of  other  bodies,  and,  whilst  the 
latter  are  in  the  nascent  state,  to  be  at  the  same  time  a 
powerful  source  of  action,  by  which  new  chemical  forces  are 
brought  into  play. 

It  is  to  be  regretted  that  our  knowledge  of  the  fats  that 
are  found  in  various  animals,  is  still  so  exceedingly  limited, 
that  we  are  even  unacquainted  with  the  constitution  of  elaic 
acid.  For  this  reason,  we  may  truly  say  that,  for  the  present, 
any  attempt  at  a comparison  of  the  fats  with  each  other  is 
fruitless  and  unprofitable.^ 


* PoggondorTs  Annalen,  1843,  N.  5,  S.  111. 

t It  has  been  more  recently  ahown  by  Oottlicb,  that  the  liquid  fat  of  butter 
U identical  with  olive  oil,  be.,  and  that  the  elalc  acid  it  contains  U rcpreecotod 
by  C®  H”  (P.  It  abaorbs  oxygen  with  great  rapidity  from  the  air,  and  hence 
the  reason  why  it  has  never  been  obtained,  and  therefore  never  analysed  ia  a 
pure  state  by  preceding  chemista. 

Compared  with  the  formula  for  margaric  acid,  adopted  by  Unlder,  we  hare 
the  following  difierence  : — 
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From  what  has  just  been  said,  it  appears  that  the  forma- 
tion of  several  fats  in  the  animal  body  must  be  preceded  by 
deoxidation,  especially  in  the  case  of  fats  which  are  to  be  ]>ro- 
duced  from  starch.  (See  p.  264.)  However  fully  we  may  be 
acquainted  with  the  source  of  oxidation  (viz.,  respiration), 
we  are  as  yet  entirely  in  the  dark  regarding  the  sources  of 
deoxidation.  All  we  can  do  is  to  indicate  general  instances, 
but  we  can  offer  no  explanation  for  any  special  case. 

It  seems  at  first  an  absurdity  to  suppose  that  de-oxidation 
should  take  place  in  an  organic  whole,  into  which  there  is  a 
continual  influx  of  oxygen ; and  yet  it  is  unquestionable,  that 
many  substances  do  undergo  de-oxidation  in  the  animal  body  ; 
for  instance,  the  one  from  which  cholesterin  is  formed,  which 
substance  is  not  present  in  any  vegetable  food. 

• This  de-oxidation  is  no  doubt  brought  about  by  means  of 
some  other  substance,  requiring  oxygen  for  its  formation. 
We  are  acquainted  with  some  of  the  substances  that  do  ac- 
tually exercise  a de-oxidising  influence  in  the  animal  organ- 
ism,— fruit-sugar,  inulin,  «Sic.  When,  for  instance,  inulin  is 
dissolved  in  warm  water,  and  the  solution  mixed  with  acetate 
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0 

Margaric  acid,  

34 

84 

8 

Elsie  acid,  

86 

83 

3 

Difference,  

— 2 -t- 

1 

Or  elalc  acid  must  lose  2 of  carbon  and  gain  1 of  hydrogen  to  become  con- 
verted into  margaric  acid.  This  may  be  effected  by  the  agency  of  3 of  oxygen 

and  1 of  water.  Thus,  to 

C 

H 

0 

1 of  claic  acid,  

36 

83 

3 

1 of  water  and  8 of  oxygen,  ... 

1 

4 

And  we  hare, 

36 

34 

7 

Deduct  now  2 of  carbonic  acid. 

2 

4 and 

1 of  margaric  acid. 

36 

34 

3 remains. 

Thaft,  when  the  liquid  elate  acid  of  the  food  is  eaten,  two  equivalents  of  car- 
bonic acid  are  given  off — breathed  away  probably — in  order  that  the  margaric 
acid  of  the  human  body  may  be  formed  from  it.  I have  given  some  other  illus- 
trations of  this  point  in  the  new  edition  of  my  Lectwns  on  Agricultural  Che- 
nittry  and  Oetdogy,  recently  published. — J. 
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of  lead  and  ammonia,  lead  is  separated  in  the  metallic  state  ; 
and  when  fruit-sugar  is  heated  with  salts  of  copper  and  other 
metals,  these  salts  are  deprived  of  their  oxygen.  The  inu- 
lin  even  takes  the  acetic  acid  from  the  oxide  of  lead,  and 
the  latter,  after  being  isolated,  is  deprived  of  the  whole  of 
its  oxygen,  by  which  part  of  the  fruit-sugar,  which  exists  in 
inulin,  is  converted  into  formic  acid.  When  one  equivalent 
of  this  sugar  is  in  this  manner  converted  into  formic  acid, 
twelve  equivalents  of  oxygen  must  be  taken  from  some 
other  body ; some  metallic  oxide,  for  instance  Thus,  if 
from 

1 equivalent  of  fruit-sugar,  ...  ...  0^* 

We  deduct  8 equivalents  of  water  + 6 equi- 
valents of  formic  acid,  (C2  HI  03)  ...  C’2  Hi<  0-« 

There  remain  ...  ...  ...  ...  0^2 

Now,  as  there  is  a continual  decomposition  of  organic  sub- 
stances going  on  in  the  animal  body,  the  result  of  which  is 
the  production  of  carbonic  acid,  it  is  evident  that  oxygen  is 
supplied,  not  only  by  the  air  inhaled  during  respiration,  but 
also  by  substances  that  are  present,  and  can  yield  other  pro- 
ducts by  losing  oxygen.  The  oxygen  derived  from  respira- 
tion, as  far  as  it  is  available,  oxidises  the  carbon  and  hydro- 
gen of  the  substances  that  are  in  the  act  of  oxidation  ; but 
whenever  it  is  not  present  in  such  a quantity  as  is  required 
for  the  decomposition  of  substances,  of  which  the  constitu- 
ents are  in  a state  of  motion,  it  is  taken  from  other  sub- 
stances that  are  close  at  hand,  and  in  this  manner  a process 
of  deoxidation  in  the  animal  body  is  carried  on.  The  results 
of  this  must  be  the  production  of  fats, — for  instance,  from 
starch — and  the  formation  of  fats  that  contain  but  little  oxy- 
gen,— that  of  cholesterin,  for  example — from  such  as  are 
richer  in  oxygen,  such  as  elaic  acid. 

That  there  is  a power  of  de-oxidation  operating  in  the  or- 
ganism, is  proved  by  a great  number  of  phenomena.  It  com- 
mences in  the  priinie  vlaj,  where  the  disengagement  of  sul- 
phuretted hydrogen  from  sulphates  is  observed.  This  de-oxi- 
dising  action  continues  everywhere  except  in  the  lungs,  as 
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appears,  among  other  examples,  from  the  presence  of  metallic 
mercury  in  several  tissues,  after  a protracted  use  of  prepara- 
tions of  this  metal* 


A'N.  The  Tisme  of  the  Muscles. 

That  class  of  organs  which  exhibit  reaction  when  stimulated 
by  various  agents,  and  especially  by  electricity  ; — which, are 
for  the  most  part  under  the  control  of  the  will,  and  which  arc 
susceptible  of  contraction  and  elongation,  are  called  muscles 
They  consist  of  different  kinds  of  tissues.  In  the  well-known 
red  muscular  mass  of  the  body,  we  find  a quite  peculiar  tissue, 
composed  of  striated  bundles.  To  this  kind  belong  the  vo- 
luntary muscles  and  the  heart.  In  these  bundles  fibres  are 
found,  which  seem  to  consist  of  two  different  substances, 
of  which  the  molecules,  being  deposited  alternately  with  each 
other,  form  a thread  of  a granular  appearance  (fig.  158  and 
161,  2.)  Numbers  of  these  fibres,  inclosed  in  a little  tube, 
unite  together  into  little  bundles  (fig.  155  and  157,  giving 
a view  of  the  transverse  section),  and  a number  of  these 
bundles  is  again  united  into  larger  ones  by  means  of  liga- 
mentary  tissue  (fig.  154,  2,  and  156,  2).  These  larger  bundles 
are  in  their  turn  held  together  by  ligamentary  tissue,  and 
so  this  union  proceeds,  until  the  whole  mass  of  muscles  is 
produced,  consisting  of  fibres  and  ligamentar}*  tissue  with 
vessels  and  nerves  interwoven  through  the  mass. 

The  first  or  smallest  bundles  are  called  the  jirimary  bundles 
of  the  muscles.  Often,  though  not  always,  they  are  enclosed 
in  a thin,  more  or  less  granular  envelope,  which  resists  the  dis- 
solving action  of  acetic  acid  longer  than  the  fibres  of  the  pri- 
mary bundle  themselves,  although  at  last  it  is,  like  them, 
dissolved,  after  having  first  become  gelatinous. 

This  muscular  tissue  is  entitled  to  our  special  attention, 

* Both  this  and  the  action  of  calomel  and  corrosive  subliuiato,  between 
which,  as  physician*  know,  the  difference  of  action  is  c.vce«dingly  groat,  render 
it  impossible  to  accept  the  idea  of  Liebig  stated  in  his  Aniina!  Chemistry,  tliat 
calomel  act*  in  the  organism  only  by  its  being  converted  into  corrosive  subli- 
mate. 
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because  it  is  so  generally  diffused  through  the  orgajiism.* 
Tlie  fibres  which  are  called  primary,  of  which  50  to  100  aiid 
upwards  are  enclosed  in  a little  tube,  have  been  assumed  to  be 
fibrin,  an  assumption  which  as  yet  requires  to  be  proved.  It  is 

* A iraiunrM  sectUm  of  the  SemitcndinoBwi  in  the  htunan  body  (fig.  154). 
It  presents  primary  bundles  packed  closely  together  (1),  of  a more  or  less  cy- 
lindrical form,  fiattened  against  each  other  so  us  to  assume  a multi-angular  ap- 
pearance. X large  number  of  them  U united  into  a secondary  bundle,  nbicli 
is  surrounded  by  c-ellubir  tissue  (2)  (perimysium),  and  bsolated  from  the  nexL 
This  cellular  tissue,  which  becomes  reiy  loose  and  swollen  by  the  action  of 
acetic  acid,  presents  small  elongated  kernels  and  kernel  fibres,  and  in  some 
places  bundles  of  nerves  and  stems  of  blood  vessels. 

When  examined  under  a higher  magnifying  power  (fig.  155),  every  handle 
presents  the  section  of  the  primary  fibres  in  the  formcf  little  dark  points.  Un 
the  addition  of  acetic  acid  the  whole  bundle  swells,  the  points  sc{>arale  morefino 
one  another  and  become  more  distinctly  visible.  1 1 would  apjKar,  therefore,  that 
it  is  chiefly  the  substance  between  the  primary  fibres  which  swells  under  the  ac- 
tion of  acetic  acid.  Generally  speaking,  no  kcrnel.s  arc  visible  in  the  bundle ; 
here  and  there  a single  one  may  be  .seen  lying  on  the  sarcolcmma,  which  Bay, 
however,  be  better  seen  on  a longitudinal  section.  Many  of  the  bandiea  of 
muscles  are  more  or  less  inverted  by  the  act  of  swelling,  and  they  now  dUiinelly 
exhibit  their  transverse  lines.  No  doable  lines  can  be  seen  on  the  sarcolcmma. 

A transveree  lection  of  the  femoral  mtuiclei  of  a frog.  The  primary  bandies 
are  larger  and  packed  together  still  more  closely  than  in  the  human  body. 
They  have  most  frequently  a cylindrical  or  multi-angular  form  ; in  every  angle 
where  three  bundles  meet,  the  section  of  a capillary  vessel  may  seen  more  or 
less  distinctly.  The  primary  fibres  are  distinctly  riailde,  especially  after  the 
addition  of  acetic  acid.  Wo  perceive  besides  a considerable  number  of  kcmeli 
diffused  between  the  primary  fibres  in  the  bundles.  In  this  section  ibe  form 
of  the  kernels  is  either  round  or  angular. 

The  same  taten  from  a very  lean  frog.  The  primary  bundles  are  in  general 
smaller  and  of  very  different  sizes  (fig.  1 56).  The  smallest  (1,  a)  are  fonud  espe- 
cially near  the  perimysium  (2) ; the  sections  arc  often  perfectly  round,  and  the 
bundles  arc  therefore  cylindrical.  Kernels  (fig.157, 1)  and  primary  fibres  (St  are 
rendered  very  distinctly  visible  in  the  bundles,  after  the  addition  of  dilate  acetsr 
acid;  they  are  also  found  in  the  middle  part  of  the  bundle.  In  tboec  of  a sm^fer 
size  (a)  the  primary  fibres  are  placed  very  near  each  other.  By  emaciation,  there- 
fore, the  primaty  bundles  become  thinner,  it  being  chiefly  the  snbstance  be- 
tween the  primary  fibres  that  disappears. 

The  lame  muieleifroin  a cow,  are  similar  to  those  of  tho  human  body ; ealy 
the  primary  bundles  arc  a little  larger. 

The  tame  from  the  calf.  Here  tho  same  mnsclc  as  that  from  the  enw  ptc- 
sents  primary  bundles  of  a much  smaller  size,  and  hence  the  number  of  there 
bundles,  may,  in  tho  suWriuent  growth  of  tho  muscles,  remain  the  same. 
Both  in  the  cow  and  in  the  calf  it  is  the  exceptional  ease  to  find  noclei  incloeed 
in  the  bundle  between  the  primary  fibres. 
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certain  that  these  fibres  do  not  consist  of  one  simple  organic 
substance,  but  must  be  considered  as  composed  of  two  sub- 
stances, performing  difierent  functions  in  the  organism.  The 


A longitudinal  section  of  tho  primary  bunillea  of  all  the  moBcIea  mentioned, 
in  the  fresh  state,  prcaenta  both  longitudinal  and  tranavcrae  lines  (the  former 
being  the  primary  fibres).  These  lines  are  usually  straight  and  regular,  but 
sometimes  running  zigzag.  Where  the  primary  fibres  are  more  distinct,  the 
transverse  lines  are  leas  so,  and  vice  versa. 

On  applying  dilute  acetic  acid,  there  appear  a great  many  elongated  kernels 
upon  and  in  the  primary  bundles  of  the  muscle  of  the  frog  (compare  fig.  159), 
but  on  those  of  the  other  animals  mentioned,  the  number  of  these  kernels  is 
but  small. 

The  primar}-  muscular  bundles  of  the  psoas  of  an  almost  full-grown  foetus 
are  veiy'  narrow,  and  the  transverse  lines  arc  placed  far  from  each  other,  so  as 
to  render  the  distance  between  three  of  these  equal  to  the  whole  breadth  of  tho 
bundle.  On  the  addition  of  acetic  acid,  the  muscular  bundles  become  very 
transparent,  so  as  to  make  it  scarcely  possible  to  distinguish  the  boundary  lines 
of  two  adjoining  bundles.  The  transverse  lines  are  also  difiScult  to  be  seen. 
On  the  edges  of  the  primary  bundles  we  perceive  elliptic  kernels,  placed  at 
considerable  distances  from  each  other.  These  kernels  appear  to  be  situated 
on  the  outside  of  the  sareolcmma. 

A thin  lager  of  the  anterior  muscles  of  the  thigh  from  a living  frog  readily 
gives  to  view  distinct  primary  bundles,  with  their  primary  fibres  and  transverse 
lines.  Between  every  two  neighbouring  primary  bundles  we  perceive  a capil- 
lary vessel  filled  with  blood  corpuscles,  and  in  various  places  coimccted  with 
others  by  means  of  a transverse  branch,  which  lies  across  the  direction  of  tho 
muscular  bundles.  It  is  difficult  to  observe  any  separate  nerval  fibres  between 
the  muscular  bundles.  In  the  perimysium  we  perceive  small  trunks  of  nerves, 
some  of  which  consist  of  only  two  primary  fibres,  extending  over  a very  large 
space. 

An  oblique  longitudinal  section  of  a primary  bundle  of  the  dried  muscle  of 
a frog  (fig.  158),  after  being  moistened  with  water,  presents  on  its  thickest 
part  distinct  transverse  lines,  passing  on  the  thinner  side  into  a row  of  gran- 
ules. The  primary  fibres  are  formed  by  these  granules  being  united  into  lon- 
gitndinal  rows,  and  the  striated  appearance  of  these  fibres  arises  from  tho 
granules  1>cing  placed  next  and  upon  each  other. 

The  muscles  of  a frog,  kept  in  strong  acetic  acid  for  ten  hours.  Tho  bundles 
(fig.  159)  have  become  transparent  and  much  swollen ; the  primary  fibres  are 
scarcely  visible ; the  transverse  lines  very  conspicuous,  and  tho  kernels  distinct, 
although  not  more  so  than  after  a short  action  of  dilute  acetic  acid.  After 
fifty-eight  hours  action  no  further  change  has  occurred.  Between  and  above 
the  bundles  a capillary  vessel  is  visible,  in  which  a row  of  kernels  of  the  blood 
corpuscles  is  found. 

The  muscle  of  a cow  kept  four  days  in  strong  acetic  acid.  The  whole  has  be- 
come very  gelatinous ; the  transverse  lines  are  still  distinct  and  bent ; but  tho 
primary  fibres  carmot  very  well  1>e  seen,  and  the  kernels  arc  also  with  difficulty 
distinguished. 
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one  constitutes  globules  that  are  larger  than  those  of  the  other. 
Both  kinds  of  globules  are  arranged  alternately,  and  hence 
the  fibre  may  be  almost  regarded  as  a pearl  necklace,  of 


77i«  of  an  almo»t  full  groan  fatus,  kept  in  strong  acetic  acid  for 

two  liours.  The  priniarj-  bundles  are  niueh  swollen  and  pale ; the  transverse 
lines  easily  distinguished  ; the  primary  fibres  not  perceptible,  the  kernels  also 
a little  pale. 

Thr  tnujtclr  of  a frog,  kept  for  twenty  four  hours  in  a closed  Imttle  with  strong 
sulphuric  acid.  It  has  swollen  into  a jelly ; the  primary  bundles  have  retained 
their  boundary  lines,  apparently  indicating  that  the  sarcolemma  has  not  been 
dissolved,  but  of  primary  fibres  or  transverse  lines  no  trace  can  be  seen.  On 
the  addition  of  a large  quantity  of  water,  the  mass  becomes  white  and  con- 
tracts ; and  when  now  placed  under  the  microscope,  the  primary  fibres  imme- 
diately make  their  appearance  and  present  granular  swellings  in  the  direction, 
and  at  the  distance  of  the  transverse  lines. 

The  musde  of  a cote,  kept  four  days  in  strong  sulphuric  acid,  exposed  more 
or  less  to  the  air.  The  primary  bundles  have  become  much  broader,  and  the 
cxtremilica  are  mostly  cut  off  into  sharp  rectangles.  On  some  places  of  the 
surface  where  the  muscular  bundle  is  narrower,  we  see  dark  transverse  lines. 
It  would  appear,  that  the  swollen  contents  of  the  primary  bundles  is  here 
prevented  from  expanding  itself,  owing  to  the  restraining  resistance  of  the 
sarcolemma.  In  other  places  the  primary  bundles  have  lieen  transversely 
cut  through.  The  transverse  lines  are  still  visible,  on  some  places  the 
longitudinal  fibres  arc  very  distinct ; the  kernels  are  swollen,  and  here  and 
there  they  have  l>ecorae  granular.  In  one  bundle  we  see  two  rows  of  the 
elongateil  and  swollen  kernels,  placed  at  small  and  regular  distances  from  each 
other. 

The  addition  of  water  produces  no  change.  Hence  it  would  appear  that 
water  has  been  absorbed  from  the  air,  which  has  prevented  the  sulpho-protcic 
acid  from  becoming  fully  gelatinous. 

The  muiale  of  a coir.  Strong  nitric  acid  causes  a powerful  disengagement  of 
gas,  and  makes  the  primary  fibres,  which  were  formerly  very  distinct,  disappear. 
The  little  bundles,  however,  still  distinctly  exhibit  their  boundary  lines,  which 
seems  to  show  that  the  sarcolemma  is  not  affected.  Nitric  acid,  diluted  with 
its  own  bulk  of  water,  produces  the  same  effect.  A mixture  of  one  part  of 
nitric  acid  and  four  parts  of  water,  leaves  the  primary  fibres  still  distinctly  visi- 
ble; but  after  some  time  the  transverse  lines,  and  subsequently  the  primary 
fibres  also  disappear,  the  whole  bundle  becoming  more  transparent.  Here  and 
there  clongiitcd  kernels  present  themselves;  the  sarcolemma  appears  without 
any  distinct  structure,  although  it  shows  alternating  dark  lines  on  several  places. 

The  muede  of  a frog,  afler  being  kept  in  caustic  ammonia  for  four  days,  in 
a covered  watch-gbass.  The  primary  bundles  have  become  more  transparent; 
the  primary  fibres  arc  not  distinct;  the  kernels  arc  transparent  and  have  be- 
come somewhat  broader ; the  transverse  lines  are  everywhere  very  distinct.  X. 
large  quantity  of  a [lowdcry  substance,  which  exhibits  no  structure  under  the 
microscope,  has  been  deposited  in  the  liquid. 


Digitized  by  Google 


VEGETABLE  AND  ANIMAL  PHYSIOLOGY. 


581 


which  the  pearls  are  placed  at  small  mutual  distances,  and 
airanged  on  a thick  thread. 

So  far  as  we  are  at  present  acquainted  with  the  nature  of 
these  substances,  I should  be  inclined  to  consider  the  one  as 
fibrin,  and  the  other  as  binoxide  of  protein.  When,  for  exam- 
jde,  muscles,  that  have  been  previously  washed  with  water,  are 
treated  with  acetic  acud,  these  primary  fibres  are  dissolved,  and 
if  carbonateof  ammonia  is  then  added  to  the  liquid, the  precipi- 
tate obtained  is  binoxide  of  protein.  Now  this  is  a property 
which  fibrin  exhibits,  when  treated  in  the  same  manner,  and 
also  bino.xide  of  protein  under  certain  conditions.  The  organic 
difference  of  the  fibre  indicates  to  us  the  existence  of  two 


The  mwtdc  of  a cote.  Hy  the  action  of  a strong  solution  of  potash,  the  bun- 
dles of  muscles  become  somewhat  more  transparent ; both  the  transverse  linea 
and  the  primary'  fibres  remain  distinct.  The  kernels  are  easily  distinguished. 
.After  the  substance  has  been  left  upon  the  object-holder  for  48  hours,  every- 
thing remains  the  same,  except  that  the  kernels  appear  broader  and  more 
distinct ; the  primary  fibres  and  transverse  iines  are  also  very  well  visible. 

The  miude  of  a frog,  having  been  kept  Jive  hours  in  strong  potash  ley.  The 
primary  bundles  (fig.  160,  a)  are  easily  isolated,  and  very  soft,  granular,  and 
but  partially  transparent.  The  primary  fibres  are  distinctly  visible,  but  in 
some  of  them  no  transverse  lines  appear.  The  most  important  change  has 
been  eSected  in  the  kernels  (1),  as  they  are  very  much  swollen,  have  become 
elliptical,  and  exhibit  a granular  appearance.  On  the  addition  of  water,  every- 
thing is  soon  dissolved.  When  the  water  first  reaches  them,  the  kernels  swell 
into  almost  perfect  spheres,  (fig.  160,  b,  1)  after  which  they  disappear.  Some- 
times the  transverse  lines  reappear  when  nearly  the  whole  is  dissolved. 

The  muscle  of  a frog  tchich  has  been  kept  tieenty-four  hours  in  strong  potash. 
The  primary  bundles  arc  mostly  isolated,  or  may  easily  be  separated  from 
each  other,  and  arc  divisible  both  in  the  longitudinal  and  transverse  direction. 
The  greater  part  of  them  are  divided  into  transverse  pieces,  cut  olf  at  right 
angles  (fig.  161,  1).  The  transverse  lines  are  still  quite  visible,  and  the  pri- 
mary fibres  show  crenulated  edges.  They  have  the  appearance  of  little  pearl 
necklaces  (2),  and  therefore  appear  to  consist  of  heterogeneous  parts,  which 
give  rise  to  these  transverse  lines.  One  part  seems  to  bo  more  soluble  in  po- 
tash than  another,  which  has  the  effect  of  rendering  the  bundles  easily  divisible 
in  the  direction  of  the  transverse  lines.  On  the  addition  of  water  everything  is 
dissolved. 

The  muscle  of  an  almost  ftdl.groten  fattus,  kept  in  strong  potash  far  half 
an  hour.  It  has  become  very  soft;  the  primary  bundles  are  easily  isolated, 
their  edges  arc  mostly  smooth,  but  sometimes  crenulated.  On  some  places  the 
traces  of  transverse  lines  are  still  left.  Primary  fibres  cannot  lie  seen.  The 
kernels  are  situated  at  long  distances  from  each  other.  They  are  swollen,  but 
not  distinctly  marked,  and  often  were  hardly  distinguishable.  No  other  cle- 
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distinct  substances ; and  it  happens,  that  fibrin  and  binoxide 
of  protein  are  two  substances,  which  we  know  to  exhibit  re- 
actions corresponding  to  those  of  the  primary  muscular  fibres, 
which  we  have  just  mentioned. 

This  organic  variety  of  every  primarj'  fibre  has  the  effect  of 
makingeverybundleformed  from  them  present  transverse  lines, 
arising  from  the  exact  and  regular  juxtaposition  of  the  homo- 
geneous granules  of  the  fibres  of  the  whole  little  bundle,  thus 
causing  the  appearance  on  the  surface  of  a series  of  lines  placed 
at  right  angles  upon  the  bundla  Now,  as  the  thinner  glo- 
bules which  are  placed  between  those  that  are  thicker,  and 
which  serve  to  hold  them  together,  are  more  soluble  in  various 
liquids  than  the  others,  the  primary  bundlesof  the  muscles  may 
by  these  means  be  divided  in  two  directions,  viz.,  in  a longi- 
tudinal direction  into  fibres,  and  in  the  transverse  direction 
into  discs.  This  is  a peculiarity  which  has  been  represented 


mcntary  forms  are  to  be  seen  bat  the  primary  bundles,  which  lie  distant  from 
one  another. 

On  the  first  action  of  water  the  primary  bundles  become  paler,  without,  how- 
ever, any  distinct  swelling.  The  kernels  become  expanded,  and  some  of  them 
disappear,  whilst  the  outlines  of  the  primary  bundles  still  remain  almost  onal- 
tcrod.  A fter  the  water  has  acted  for  some  time  longer,  nothing  is  left  of  the 
muscular  bundles  except  some  few  fine  granules.  Now,  also,  the  smaller  Uood 
vessels,  and  even  the  capillary  vessels  still  filled  with  blood  corpuscles  of  a 
yellow  colour,  appear  quite  distinctly.  On  the  addition  of  mors  water,  the 
muscular  bundles  are  entirely  dissolved.  . 

Tht  muDcU  oj  a cow,  which  had  been  kept  twentp-fow  hour*  ta  ttrxmg  aicohoL 
The  longitudinal  fibres  are  now  very  distinct,  and  the  transverse  lines  also. 
The  isolated  primary  fibres  arc  granular. 

The  mmcle  of  a cow.  On  the  addition  of  corrosive  sublimate  the  outlines 
of  the  primary  bundles  appear  distinctly.  The  isolated  primary  fibres  appear 
to  consist  of  small  elongated  particles,  bordering  each  other.  They  present 
small  and  irregular  swellings. 

After  having  been  kept  for  eight  hours  in  this  solution,  the  primary  bundles 
have  become  hard,  untransparent,  and  easily  separable  from  each  other.  The 
transverse  lines  arc  very  distinct,  but  the  primary  fibres  in  the  bundle  can- 
not bo  properly  distinguished ; the  kernels  are  very  narrow. 

TTie  muscle  of  a cow,  after  haring  been  kei>t  in  tincture  of  iodine  for  fortg- 
eight  hours.  Both  the  primary  bundles  and  the  perimysium  are  coloured  in- 
tensely brown.  The  isolated  primary  fibres  present  themselves  as  rcguUily 
arranged  granules ; a few  lying  next  each  other  and  separated  from  the  bundle, 
still  present  transverse  lines.  They  have  all  a deep  brown  colour.  (Dooders 
and  Mulder.) 
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by  Todd  and  Bowman  (see  Physiological  Anatomy  and  Phy- 
siology of  Man,  i.  p.  152,  1)  nearly  in  the  same  manner  as 
our  observations  have  shown  it  to  us,  although  we  did  not 
perceive  the  transverse  division  as  distinctly  as  they  did. 

These  muscular  fibres  are  encased  in  a tube  consisting  of  a 
tissue  which  does  not  belong  to  the  gelatinous  class,  but  ap- 
pears from  its  properties  to  be  an  intimate  mixture  of  the  sub- 
stances that  constitute  the  gelatinous  and  elastic  tissues, 
and  which  appears  to  contain  some  kernels,  which  are  ren- 
dered distinctly  visible  by  acetic  acid,  and  swell  under  the 
action  of  potash. 

These  two  forms,  viz.,  the  primary  fibres  and  the  little  en- 
closing tubes,  give  their  characteristic  peculiarity  to  the  volun- 
tary muscular  tissue  A third  substance,  however,  which  de- 
serves to  be  distinguished,  is  found  in  addition  to  these.  This 
substance  is  a shapeless  intermediate  matter,  separating  those 
primary  fibres  from  one  another  which  do  not  lie  in  direct 
contact. 

The  secondary  bundles  are  mutually  united  by  threads  of 
ligamentary  tissue,  which,  in  a few  cases,  contain  fat  cells  ; 
the  whole  mass  of  muscles  is  further  interwoven  with  vessels 
and  nerves. 

Besides  these  voluntary  muscles  two  other  kinds  have  been 
distinguished.  First,  muscular  fibres,  which  have  the  pro- 
perties of  the  fibres  of  ligamentary  tissue,  and  are  present  in 
the  iris  and  the  coats  of  the  lymphatic  vessels  ; these  react 
from  galvanic  stimulation.  Secondly,  there  are  muscular 
fibres,  agreeing  with  those  of  the  intermediate  coat  of  the 
arteries ; these  are  found  in  the  muscular  coat  of  the  sto- 
mach and  intestines.  They  are  both  called  inroluntary 
muscles. 

As  regards  the  former,  viz.,  those  resembling  fibres  of  liga- 
mentary tissue,  they  cannot  yet  with  certainty  be  classed 
with  these  fibres.  We  are  even  induced  to  doubt  the  con- 
clusion regarding  their  nature,  which  has  been  derived  from 
their  form,  for  they  (viz.,  the  fibres  of  the  iris)  have  the 
same  chemical  character  as  muscular  fibres.  According  to 
Henle,  their  form  is  exactly  the  same  as  that  of  ligamentary 
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tissue.  Valentin,  however,  finds  these  fibres  similar  to  non- 
striated  muscular  fibres,  interwoven  with  ligamentary  tissue. 
Further  investigations  on  this  subject,  therefore,  are  yet  re- 
quired. 

Those  of  the  second  kind,  which  are  similar  to  the  mus- 
cular fibres  of  the  intermediate  coat  of  the  arteries,  and 
are  called  smooth  jiwple  fibres,  consist  of  oblong  and  nar- 
row plates  (fig,  Itif,  a),  tapering  a little  towards  the  extremi- 
ties, and  containing  here  and  there  oblong  kernels,  some- 
times n row  of  little  point.s,  arranged  in  one  straight  line  over 
the  whole  length.  They  are  found  in  the  alimentary  canal, 
the  bladder,  and  in  various  other  jdaces,  where  the  muscular 
motion  is  known  to  be  involuntary  ; and  al.«o  in  the  muscu- 
lar coat  of  the  arteries,  (fig.  171,  a).  They  are  soluble 
in  acetic  acid.  These  muscular  fibres  have  been  regarded  as 
of  an  entirely  peculiar  character,  first,  because  their  form 
resembles  that  of  some  fibres  of  the  intermediate  coat  of  the 
arteries,  and  also  because  other  fibres  of  this  intermediate 
coat  were  found  to  be  of  a peculiar  nature,  totally  different 
from  that  of  muscular  fibre.  It  should  be  remembered,  how- 
ever, that  in  this  coat  of  the  arteries  there  are  two  kinds  of 
threads,  viz.,  those  of  elastic  tissue  and  of  involuntary  mus- 
cles ; and  therefore  no  certain  conclusions  can  be  drawn  re- 
garding them,  if  the  entirely  different  nature  of  these  two 
kinds  of  fibres  be  lost  sight  of 

All  that  we  know  of  the  fibres  of  the  involuntary  mus- 
cles is,  that  they  are  arranged  together  into  small  bundles, 
these  bundles  not  being  incased  in  one  common  tube,  like 
those  of  the  muscles  which  are  subject  to  the  will.  These 
fibres  themselves, — that  is,  the  primary  fibres, — are  flat  and 
thin.  We  find  among  them,  first,  thin  threads  of  elastic  tis- 
sue (figs.  1C2,  IG'i,  and  161,  c 2)  ; these  are  distinguished  by 
Ilenle  by  the  name  of  kernel-fibres.  They  must  be  consider- 
ed as  thin  elongations  of  the  primary  kernels,  which,  if  more 
fully  developed,  would  produce  true  threads  of  elastic  tissue. 

The  muscular  fibre  properly  consists  of  a substance  which 
is  soluble  both  in  potash  and  acetic  acid,  and  which  Ijecomes 
yellow  by  the  subsequent  action  of  nitric  acid  and  ammonia, 
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indl'cating  that  it  is  a protein  compound.  To  what  class  of 
these  compounds  it  belongs,  however,  is  not  known.  The 
involuntary  muscles  differ  in  respect  of  the  homogeneity  of 
their  structure  from  the  voluntary  muscles,  in  the  latter  of 
which,  two  substances  that  are  chemically  different  can  be 
distinguished.* 

It  is  therefore  only  for  a technical  (practical)  purpose,  that 
the  knowledge  of  the  chemical  composition  of  the  muscles, 
as  such,  can  be  useful.  They  have,  in  this  respect,  been  exa- 
mined by  Berzelius  with  great  care  many  years  ago. 

The  muscles  contain,  when  saturated  with  blood  and  nutri- 
tive liquid,  77  per  cent,  of  wafer,  and  5 per  cent  of  sub- 
stances soluble  in  cold  water.  In  100  parts  of  muscle,  there- 
fore, there  is  contained  18  per  cent,  of  substances  insoluble  in 


* Involuntary  maacitlar  fibres,  taken  from  the  resopharjus  of  a cow  8ome 
hours  after  death.  It  presents  itself  as  thin,  straight  fibres.  By  the  action 
of  acetic  acid  they  become  very  transparent,  and  present  a great  number 
of  elongated  kernels.  Some  of  them  sa'cll  very  much,  and  become  oblong 
and  granular. 

After  haring  been  kept  in  strong  potash  ley  for  one  or  two  days  (in  a closed 
bottle),  it  appears  finely  granular  and  shapeless.  After  the  addition  of  water, 
this  granular  matter  disappears,  and  very  thin  little  threads,  with  sharp  outlines, 
make  their  appearance.  These  threads  sometimes  ramify  and  unite  with  one 
another  (fig.  162).  They  arc  to  be  considered  as  kernel  fibres  or  elastic  fibres. 

After  being  kept  in  a solution  of  corrosive  sublimate  for  two  days,  they  have 
become  granular. 

In  tannic  acid,  for  the  same  period,  un-transparent. 

In  sulphuric  acid,  left  for  two  days,  they  hare  swollen  into  a jelly.  The 
thin  elastic  fibres,  running  vermicularly,  are  seen  indistinctly  through  them. 

The  muscular  fibres  of  the  intermediate  coat  of  the  arteries,  after  having  been 
kept  in  potash  for  four  hours,  have  become  broad,  flat,  and  transparent,  but  not 
granular.  The  elastic  tissue  of  the  arteries  has  retained  its  form,  even  after 
the  potash  has  acted  upon  it  for  twenty-four  hours,  but  the  fibres  can  now  be 
more  readily  separated  from  one  another.  The  fibres  arc  thinner  than  those 
of  the  cervical  ligament,  but  they  both  present  the  same  reactions.  Thus  it 
appears,  that  there  is  a definite  dificrcnce  between  the  clastic  and  the  so-called 
involuntary  muscular  fibres  of  the  arteries. 

The  latter,  when  not  treated  with  any  reagent,  have  the  appearance  of  flat, 
pure,  transparent,  fibres. 

Muscular  fibres  of  the  circular,  fibrous  coat  of  the  arteries,  having  been 
kept  in  potash  fur  some  hours,  have  become  swollen  and  somewhat  granular. 
By  the  addition  of  water,  nearly  the  whole  is  dissolved,  with  the  exception  of 
fine  fibres,  with  sharp  outlines  and  running  in  a vermicular  direction. 

Involuntary  muscular  fibres,  taken  from  the  thick  intestines  of  a full-grown 
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cold  water,  which  become  hard  by  boiling,  and,  besides  the 
coats  of  the  vessels,  a little  fat,  &c.,  produce  chiefly  bi-oxide 
of  protein,  which  is  much  more  diflScultly  soluble  in  acids 
than  the  muscular  fibres  themselves,  and  hence  must  be  diffi- 
cultly digestible. 

When  the  muscles  are  cut  into  small  pieces,  kneaded  with 
cold  water,  and  afterwards  treated  with  boiling  water, a portion 
is  dissolved  out,  which  is  partly  tri-oxide  of  protein,  derived 
from  the  primary  fibres,  and  partly  gelatine  from  the  liga- 
mentary tissue.  When  muscle  is  boiled,  without  being  previ- 
ously minced  and  kneaded  with  cold  water,  we  obtain,  liesides 
bi-oxide  of  protein,  also  coagulated  albumen  from  the  serum, 
which  has  been  left  in  the  mass  as  an  insoluble  substance ; 
the  decoction  contains  gelatine  from  the  ligamentary  tissue, 
tri-oxide  of  protein  from  the  boiled  muscular  fibre,  and  from 
the  fibrin  and  albumen  of  the  blood,  and  a number  of  other 


man.  They  appear  as  thin,  flat,  transparent  threads  (flg.  161,  a),  when  ex- 
amined separately  ; and  in  masses  they  present  a rough  surface  (2>).  After  the 
action  of  acetic  acid  (c)  they  become  much  paler,  do  not  swell  much,  but  present 
a great  number  of  elongated  kernels  (1),  and  in  a few  places,  some  thin,  elastic 
fibres  (2).  By  the  action  of  nitric  acid,  succeeded  by  ammonia,  they  become 
yellow.  Those  of  the  inferior  half  of  the  (uophagu*  arc  more  distinct,  flat, 
and  likewise  transparent.  Ucre  also  the  action  of  acetic  acid  causes  the  ap- 
pearance of  a number  of  kernels  and  kernel  fibres. 

InvolunUiry  miucular  fibres,  taken  from  the  inteetines  of  a frog.  The 
threads,  after  haring  been  in  strong  acetic  acid  for  some  hours,  arc  perfectly 
transparent,  finely  granular,  and  present  a few  small  granular  protruding  bodies. 

The  bundle  of  fibres,  after  haring  been  kept  for  some  hours  in  a solution  of 
tannic  acid,  has  become  untransparent  and  rough  on  the  surface ; the  fibres 
hare  also  become  rough,  but  remain  transparent.  On  the  surface  of  the 
bundle  a great  quantity  of  granular  particles  arc  risible. 

By  the  action  of  a solution  of  corrosive  sublimate,  continued  for  some  hoars, 
the  bundles  become  of  a dark  appearance,  granular,  and  arc  with  difficulty 
divided  into  their  primaiy  fibres. 

After  haring  been  kept  in  alcohol  for  a number  of  hours,  the  primary  fibres 
have  become  somewhat  hairy  on  the  edges,  and  tramsparent.  The  appearance 
of  the  bundles  is  granular.  No  sarcolcmma  is  to  bo  seen. 

By  the  action  of  strong  sulphuric  acid  continued  for  some  hours,  the  bundle 
becomes  reiy  gelatinous,  transparent,  and  is  still  more  or  less  fibrous.  On  the 
addition  of  water,  it  contracts,  becomes  opaque,  fibrous,  and  granular,  all  but 
homogeneous.  When  potash  ley  is  subsequently  added,  and  the  sulphate  of  po- 
tash that  is  produced  washed  out,  there  remains  a finely  granular,  fibrous 
substance.  (Donders  and  Mulder.) 
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substances  besides,  which  are  derived  partly  from  the  arterial 
and  venous  blood  that  exists  in  the  muscle,  partly  from  the 
fluid  of  the  serum  vessels,  partly  from  the  nerves,  and  partly 
from  the  gelatinous  and  fatty  tissues. 

A cold  aqueous  solution  of  flesh,  therefore,  contains  albu- 
men which  coagulates  by  heat ; and  besides,  organic  salts, 
partly  soluble  in  alcohol,  viz.,  salts  of  potash,  soda,  lime, 
magnesia,  ammonia,  the  chlorides  of  calcium,  sodium,  and  po- 
tassium. Mixed  with  these  are  the  carbonates  of  potash  and 
soda,  and  phosphate  of  lime,  which  has  been  rendered  soluble 
in  alcohol  by  the  agency  of  extractive  matters.  The  greater 
part  of  the  phosphates  of  soda  and  lime  remains  insoluble  in 
alcohol.  ^ 

The  alcohol  dissolves  a number  of  extractive  matters,  which 
are  described  collectively  under  the  name  of  osmazome.  What 
is  known  by  this  name  is  simply  a mixture  of  various  sub- 
stances which  have  been  browned  during  evaporation,  and  of 
which  it  is  difficult  to  trace  the  origin.  Part  of  these  belong  to 
the  fibrin  of  the  blood ; for  when  fibrin  is  boiled  in  water,  and, 
after  the  water  has  been  evaporated,  the  remainder  is  treated 
with  alcohol,  the  latter  takes  up  a red  coloured  extract.  Part 
of  these  matters,  however,  may  also  have  been  present  in  the 
blood,  another  part  in  the  nerves,  and  another  may  have  been 
formed  from  the  substances  which  have  undergone  change 
during  the  evaporation.  Lastly,  the  alcoholic  extractive 
matters  contain  fats  derived  from  the  muscular  mass,  and 
fatty  salts  from  the  blood  with  which  the  muscles  were  satu- 
rated. 

By  digesting  the  watery  extract  with  absolute  alcohol, 
extractive  substances  are  dissolved  out,  similar  to  those  pre- 
sent in  the  extract  of  urine.  These  substances  are  consti- 
tuents of  the  blood,  which  leave  the  organism  through  the 
kidneys.  By  corrosive  sublimate  one  part  of  them  is  precipi- 
tated ; by  basic  acetate  of  lead  another,  and  a third  part  is 
left  in  solution. 

From  the  portion  that  is  left  Insoluble,  alcohol  extracts  a 
yellow  substance  of  0.833  specific  gravity.  In  this  extract, 
when  dissolved,  a copious  precipitate  is  produced  by  infusion 
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of  galls  and  by  corrosive  sublimate,  but  none  by  neutral  ace- 
tate of  lead  or  chloride  of  tin. 

The  part  insoluble  in  alcohol  of  0.833  specific  gravity  is  a 
dark  brown  extract,  one  part  of  which  may  be  precipitated 
by  corrosive  sublimate,  another  by  chloride  of  tin,  and  in 
which  several  other  extractive  matters  still  remain.  (t?ee 
Berzelius,  Chemie,  IX.  p.  575.) 

From  the  alcoholic  extract  of  beef  tea,  previously  evapo- 
rated to  dryness,  Chevreul  obtained  another  crystallisable 
substance,  which  he  called  kreatin.  This  substance  is  des- 
titute of  smell  or  taste.  It  has  also  been  found  by  Woehler, 
but  has  not  been  further  examined. 

The  real  elementary  main  constituent  of  the  muscle.«,  viz., 
that  of  their  primary  fibres,  is  but  imperfectly  known.  It 
is,  however,  probable,  that  it  agrees  with  fibrin  in  contain- 
ing bi-oxide  of  protein.  As  regards  the  substance  which  lies 
between  these  primary  fibres,  nothing  can  yet  be  said  with 
certainty.  Like  the  fibres,  it  has  the  character  of  a protein 
compound  ; and  possesses  the  chemical  properties  character- 
istic of  such  compounds.  It  is  soluble  in  acetic  acid,  be- 
comes gelatinous  and  transparent  in  dilute  acetic  acid,  .kc. 
The  statement  made  by  Ficinus,  that  the  primary  fibres  are 
hardened  by  alkaline  carbonates,  is  certainly  incorrect  Bou- 
chardat  mentions*  that  they  are  aficcted  by  dilute  hydrochloric 
acid  in  the  same  manner  as  fibrin ; they  are  rendered  gelatinous 
at  the  ordinary  temperature,  and  are  subsequently  dissolved. 

The  red  colour  of  the  muscles  is  due  entirely  to  the  blood 
which  exists  in  their  capillary  system.  When  injected  with 
water,  every  muscle  is  colourless.  They  contain  no  peculiar 
colouring  matter ; nor,  as  has  been  thought,  any  except  that 
found  in  the  capillary  system.  When  injected  with  oil,  the 
muscles  of  living  animals  exhibit  only  a yellowish  colour. 
After  the  death  of  the  animal,  this  experiment  did  not  com- 
pletely succeed,  as  the  blood,  which  was  then  coagulated, 
could  not  in  this  manner  be  entirely  removed.  The  blood  is 
the  only  cause  of  the  red  colour.-j' 

* ScheUcttndigs  Ooderzoekingen,  Deel  II.,  p.  578. 

t A.  Latjtan.  De  mu*eaIonun  rubora.  DiiurUtio  insaganlw,  1840. 
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Any  determination  of  the  composition  of  muscle  by  ulti- 
mate analysis  may  be  called  unattainable ; for  in  this  process 
tre  burn  a mixture  of  various  substances,  a very  complicated 
tissue  of  muscular  fibres,  ligamentary  tissue,  coats  of  blood 
vessels  and  nerves.  If,  therefore,  Playfair  and  Bbckmann* 
have  found  the  composition  of  muscle  to  be  identical  with 
that  of  blood, — which  is  a mixture  of  various  substances, 
containing  some  that  are  entirely  different  from  those  of 
muscle,  and  in  which  again  others  are  wanting  that  are  pre- 
sent in  the  latter, — then  this  may  be  considered  as  a proof 
that  it  is  impossible  to  find  out  essential  differences  by  means 
of  ultimate  analysis 

The  analyses  just  mentioned,  have,  however,  been  repeated 
by  Adrian!,  and  the  results  obtained  by  him  represent  the 
composition  of  muscle  as  somewhat  different  When  either 
dissolved  in  a weak  potash  ley,  and  precipitated  by  acetic 
acid,  or  dissolved  in  this  acid  and  thrown  down  by  carbonate 
of  ammonia,  as  in  preparing  protein,  he  found  the  propor- 
tions of  its  constituents  to  be  about  the  same  as  those  exist- 
ing in  bi-oxide  of  protein,  viz.,  N®  Fibrin, 

* Liebig,  Phye.  Cbem.  2d  Aufl.  S.  290. 


Beef.  Oz  blood. 


c 

64.12 

64.18 

64.19 

64.20 

H 

7.89 

7.98 

7.48 

7.65 

N 

16.67 

16.71 

16,72 

15.73 

0 

22.32 

22.18 

22.31 

22.12 

t-  Mmciibir  flesh,  extracted  with  cold  water,  alcohol,  and  ether,  dissolred 
in  acetic  acid,  filtered  and  precipitated  from  the  solution  bf  carbonate  of  am- 
monia, yielded : — 


Found. 

Atoms. 

Calculated. 

C 

63.91 

40 

63.86 

H 

7.15 

81 

6.75 

N 

16.24 

6 

16.45 

0 -h  8 

23.70 

14 

24.44 

When  dissolred  in  eanstic  potash,  one  part  to  40  of  water,  filtered  and  pre- 
ripitated  by  acetic  acid,  washed  with  water  and  digested  with  alcohol  and 
ether,  it  yielded — 

C 68.88 

H 7.11 

N 15.38 

0 28.68 
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treated  in  the  same  manner,  gave  the  same  result.  It  readily 
ab.sorbs  oxygen  from  the  atmosphere.* 

Muscle,  when  submitted  as  a whole  to  ultimate  analysis, 
produces,  according  to  Adriani’s  experiments,  a result  ap- 
proaching to  the  composition  of  a protein  compound ; but 
which  can  be  of  no  value  as  such,  owing  to  the  quantity  of 
gelatinous  tissue,  coats  of  arteries,  veins,  lymphatic  vessel.®, 
capillary  vessels  and  nerves,  with  which  the  muscular  tissue 
is  mixed.f  Such  experiments  prove  too  much,  and,  therefore, 
nothing  at  all. 

They  have,  however,  given  results,  essentially  different 
from  those  obtained  by  Playfair  and  Biickmann  ; and  from 
the  nature  of  the  muscles,  it  is  also  evident,  that  the  results 
obtained  by  the  two  latter  cannot  possibly  be  accurate ; for 
when  muscles  are  analysed  in  a mass  they  must  yield  a smaller 


The  results  of  these  experiments  prove  distinctly  that  the  produce  is  chiefly 
btoxide  of  protein,  and  not  merely  protein ; and  it  is  for  this  reason,  especially 
on  account  of  the  last-mentioned  result,  that  I cannot  think  that  the  primary 
fibres  of  the  muscles  consist  of  protein.  But  it  is  diflicult  to  decide  which  of 
the  two  distinct  substances  that  can  be  distinguished  in  the  primary  fibres,  is 
the  bi-oxide  of  protein,  viz.,  whether  the  thick  globules  or  the  thinner  parts  be- 
tween them.  From  the  somewhat  large  proportieia  of  carbon  in  the  twro  sob- 
stances,  it  seems  to  follow  that  another  protein  compound  containing  less  oxy- 
gen is  mixed  with  the  former. 

Although  we  must  leave  still  undecided  the  composition  of  the  substance 
found  between  the  primary  fibres,  I am  of  opinion  that  it  may  be  assumed  as 
certain,  that  fibrin  is  not  the  only  substance  existing  in  muscle,  and  that  in 
no  case  should  the  primary  fibre  bo  called  fibrin. 

* Scheikundigo  Onderzockingen.  Decl  I.  p.  568. 

-(■  Scheikundige  Onderzoekingen.  Dcel  III.  The  muscular  flesh  of  a oow, 
taken  from  the  midst  of  the  muscular  mass,  cut  into  very  small  pieces,  knead- 
ed with  cold  water,  and  then  digested  with  warm  water,  alcohol,  and  ether, 
yielded — 

C 63.34  52.92 

H 7.23  7.*0 

N 16.31 

0 22.71 

S 0.41 

It  contained  no  free  phosphorus,  but  a quantity  of  sulphur,  which  was  about 
equal  to  that  found  in  fibrin. 

Schlo^  berger  has  analysed  the  fle^h  of  diflferent  animals  (Berzelius  Jahres- 
bericht,  1843,  S.  607).  In  thst  of  fishes  and  lobsters  he  found  no  blood-cor- 
puscles, but  in  the  latter  he  discovered  a kind  of  eolonring  matter,  which  was 
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proportion  of  carbon  than  otherwise,  because  they  then  con- 
tain a considerable  quantity  of  gelatinous  tissue,  which,  on 
analysis,  yields  only  50.37  per  cent,  of  carbon.  It  appears 
that  in  the  experiments  of  Playfair  and  Biickmann,  the  de- 
termination of  the  hydrogen  is  totally  incorrect.  The  pro- 
portion of  nitrogen  must  be  greater  than  they  have  found  it, 
because  gelatine  contains  18  per  cent  of  nitrogen. 

Nothing,  accordingly,  has  ever  surprised  me  more  than  the 
assertions  now  so  frequently  repeated,  that  muscles  and 
blood  are  identical  in  composition — two  substances  which 
present,  in  fact,  no  other  points  of  resemblance  except  this, 
that  they  both  contain  protein  compounds.  But  if  we 
proceeded  upon  this  principle,  we  should  be  induced  at  pre- 
sent to  apply  the  term  identity  to  a great  number  of  sub- 
stances indeed. 


00.  Blood  Vesielt. 

In  the  higher  classes  of  animals  there  exist  two  kinds  of 
tubes,  conveying  blood,  viz.,  arteries  and  veins.  Between 
these  we  find,  on  the  one  hand,  the  heart,  on  the  other, 
the  so-called  capillary  system,  which  unites  the  two.  The 


similar  to  fat  or  resin.  In  older  individuals  the  proportion  of  irstcr  decreases, 
and  that  of  fibrin  and  blood-corpuscles  increases  in  the  same  ratio. 


Beef. 
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1.5 

1.2 
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1 0.2 

animal  matter 

0.1 

78.3  1 

0.4 

0.6 

1 2.2 

Water  and  loss 

77.6 

79.7 

78.3 

76.9 

1 76.0 

77.3 

80.1 

1 80.5 

In  insects  the  mnscular  bandies  are  found  free  from  ligamentar;  tissue,  and 
therefore,  these  tittle  animals  afford  a fine  opportunity  to  obtain  from  the 
mnsclea  of  the  shin  bundles  of  pure  muscles  for  examination.  Those  bundles 
appear  to  be  in  every  respect  similar  to  those  of  other  animals,  but  tbeir  trans- 
verse lines  are  a little  more  distinct,  and  they  contain  far  thicker  primary 
fibres,  in  which  the  globules  formerly  described  may  be  distinctly  seen. 
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vascular  system,  therefore,  is  a continuous  canal,  constituted 
in  this  manner:  first,  the  heart,  then  the  arteries,  capillary 
system,  veins,  and  at  last  the  heart  again.  The  two  kinds  of 
blood-conveying  tubes,  which  are  called  arteries  and  veins, 
may  now  be  treated  of  briefly,  in  a physiologico-chemical 
point  of  view,  because  they  present  only  a collection  of  ele- 
mentary forms,  which  have  already  been  under  (x>nsideration. 
The  coats  of  the  arteries  consist,  commencing  from  within, 
first  of  simply  laminated  epithelium  (fig.  172),  (see  p.  497), 
being  a thin  layer  of  cells  with  kernels,  as  indicated  in  the 
description  of  the  peritoneum  and  elsewhere.  The  second 
coat  is  called  striated  or  fenestrated  vascular  membrane,  and 
consists  of  several  layers  of  fibres  (fig.  170  and  165,  5),  which 
are  situated  at  some  distance  from  each  other  within  a mem- 
brane, most  frequently  arranged  in  a longitudinal  direction, 
and  mutually  connected  by  a great  number  of  ramificationa 
The  third  coat  consists  of  a great  numlwr  of  plates,  formed 
of  densely  packed,  strong,  and  elastic  longitudinal  fibres  (fig. 
165,  3 ; 166,  1 ; 167,  1 ; and  169);  and  between  these  plates 
muscular  fibres  are  very  intimately  interwoven  (fig.  171,  a). 
This  is  called  the  fibro-muscular  coat  The  fourth,  called 
the  elastic  coat  (fig.  165,  2),  consists  of  longitudinal  elastic 
fibres,  and  is  covered  by  a fifth,  the  adventitious  coat  (fig. 
165,  1). 

The  chief  constituent  of  the  second,  third,  fourth,  and  fifth 
coats  is  elastic  tissue.  In  the  adventitious  coat  this  is  in- 
terwoven with  a very  great  number  of  threads  of  gelatinous 
tissue ; and  this  is  also  the  case,  but  in  a less  degree,  in  the 
elastic  coat ; whilst  the  fibrous  circular  coat  contains  threads 
and  plates  of  elastic  tissue,  involuntary  muscular  fibres,  and 
perhaps,  a few  threads  of  gelatinous  tissue.  The  striated  coat 
consists  of  elastic  tissue  only. 

The  composition  of  the  coats  of  the  arteries,  therefore,  is 
simply  this : elastic  tissue,  in  the  form  of  threads  of  various 
thickness,  and  running  in  various  directions ; threads  of 
gelatinous  tissue,  and  involuntary  muscular  fibres,  intermixed 
with  nerves  and  capillary  vessels. 

Schcerer,  who  has  analysed  the  middle  coat,  employed  in 
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his  analysis  a mixture  of  elastic  and  muscular  tissue  (includ- 
ing nerves  and  capillary  vessels).  Ann.  der  Pharmacia  Bd. 
40* 

The  veins  do  not  contain  any  involuntary  muscular  fibres, 
but  in  other  respects,  the  coats  of  which  they  consist  are  es- 

* 7%c  human  aorta, 

A tmurene  nection  examined  after  previous  dry  ing  and  subsequent  soaking 
in  water  (fig.  165,  166,  and  167).  Bjr  the  action  of  acetic  acid  the  adventitious 
tonic  becomes  transparent  (fig.  165,  1),  with  tbc  exception  of  a few,  thin  elastic 
fibres  gradually  passing  into  the  elastic  tunic  (2),  which  leaves  more  and 
thicker  elastic  fibres  behind  (fig.  168).  The  fibrous  circuUr  tunic,  which  fol- 
lows next  (fig.  165,  S),  retains  a mneh  darker  appearance,  and  its  fibres  are  much 
leas  detached  from  one  another.  This  tunic  consists  of  a great  number  of  little 
plates,  running  parallel,  and  placed  at  tolerably  regular  distances  from  one  an- 
other (fig.  166,  1,  and  167,  1),  and  severally  appearing  as  an  intertexturc  of 
traiuparent  elastic  fibres,  interwoven  in  every  direction(fig.  169),  and  of  which 
the  innermost  leave  no  interstices  between  them.  Between  these  plates  occur 
the  muscular  fibres  with  their  clastic  fibres,  (fig.  166, 2,  and  167,  2).  The  lon- 
gitudinal fibrous  tonic  is  more  granular  (fig.  165,  4),  owing  to  the  transverse 
cutting  of  the  muscular  fibres.  The  striated  tunic  (fig.  165,  5),  exhibits  a num- 
ber of  parallel  lines ; when  the  plates  of  which  it  is  composed  are  detached 
ftem  each  other,  fine  fibres  become  risible,  which  do  not  disappear  in  acetic 
add  (comp.  fig.  170).  After  this  follows  the  epithelium. 

After  the  action  of  potash  and  water  had  lasted  for  six  hours,  not  only  the 
elastic  fibres,  but  also  the  adventitious  and  clastic  tunics  were  dissolved ; but 
in  the  fibrous  drcular  tunic,  the  tissue,  occurring  between  the  eUstic  plates, 
still  appears  fibrous.  The  striated  tunic  becomes  detached  from  the  remain- 
ing mass  in  the  form  of  transparent  and  coherent  fibres. 

The  transverse  section  of  the  aorta  qf  a cow  also  presents  throughout  elastic 
fibres,  after  being  treated  with  potash  and  water. 

The  breadth  and  thickness  of  the  fibres  of  the  several  tunics  is  difiorent; 
those  of  tbc  fibrous  circular  tunic  being  tbc  thickest.  The  epithelium  gives 
way  and  appears  suspended  in  the  liquid  in  the  form  of  little  plates. 

The  carotid  artery  of  a cow. 

The  fibruns  circular  tunic  (between  the  clastic  plates),  recently  prepared, 
presents  on  its  surface  fibres  of  elastic  tissue,  at  more  or  less  regular  distances 
from  each  other,  and  having  mutual  ramifications.  Between  these  ramifica- 
tioiu  there  are  situated  flat  and  broad  fibres,  not  sharply  defined  and  but  in- 
distinctly visible.  By  acetic  acid  the  whole,  with  the  exception  of  the  clastic 
fibres,  is  rendered  transparent  to  as  great  an  extent  as  in  the  involuntary  mus- 
cnlar  bundles,  but  much  less  than  in  the  ligamentary  tissue.  Here  and  there 
wre  perceive  the  boundaries  of  the  less  distinct  fibres,  mentioned  before,  without 
any  elastic  fibres  placed  between  them,  the  latter  having  apparently  no  im- 
mediate connexion  with  the  involunt.ary  muscular  fibres  of  this  tonic.  We 
oaly  see  everywhere  small  portions  of  the  elastic  fibres,  which  are  situated  at 
a greater  depth,  shining  faintly  through.  The  fibres  of  the  involuntary 
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sentially  similar  to  those  of  the  arteries.  They  are  formed  of 
plates,  consisting  of  agglomerated  threads  of  elastic  tissue 
(fig.  176,  a,  h,  c,  and  d,  and  fig.  178),  with  threads  of  gelati- 
nous tissue  (fig.  177). 


muscle,  after  having  been  treated  a'ith  strong  potash  for  seven  hoars,  present 
themselves  separated  from  one  another,  and  appear  to  consist  of  a transparent 
thread,  vrith  uneven  edges  and  a great  number  of  minute  granules,  diffused 
through  the  substance.  Two  different  substances,  therefore,  arc  present  here. 
On  the  addition  of  water,  the  transparent  substance  is  first  dissolved ; the 
granular  matter  resists  longc.st,  but  is  at  last  also  dis.solved  in  the  weak  le;. 
The  clastic  fibres  are  left  behind  unaltered. 

The  striat«l  tunic  (fig.  170),  also  recently  prepared  in  water,  when  seen  from 
the  side  of  the  epithelium,  presents  a large  number  of  thin  fibres,  placed  ei<>se!y 
together,  running  nearly  parallel  and  uniting  together  at  aente  angles,  whboat 
any  distinct  particles  appearing  between  them.  The  fibre*  extend  thenrtHve# 
in  the  longitudinal  direction  of  the  artery,  u(>on  which  the  mnscnlar  fibres  of 
the  fibrous  circular  tunic  arc  placed  at  tight  angles.  The  fibre*  of  the  striated 
tunic  appear  to  cohere  by  means  of  a membrane.  Acetic  acid  Penders  the 
whole  more  transparent,  but  leaves  the  fibres  nnchanged.  If  this  tiraie  it 
strelchcd  out,  the  edges  cnrl  much.  .After  having  been  kept  in  potash  far 
seven  hours,  it  is  unaltered,  and  still  remains  so  after  the  addition  of  water, 
and  the  membrane,  in  which  the  fibres  arc  contained,  is  likcwinc  anehanced. 
The  latter,  therefore,  probably  consists  also  of  ela-stic  tissne. 

The  elastic  tunic  consists  of  elastic  fibres  (comp.  fig.  169),  forming  meshes 
which  have  their  longest  dimension  placed  in  the  longitndiual  direction  cf  the 
arteries. 

The  longitudinal  fibrous  tunic  was  not  present  here. 

A transverse  section,  after  having  been  kept  for  four  hours  in  a Mrong 
potash  Icy,  with  the  snhsequont  addition  of  a little  water.  In  the  eiaatic  tnnic 
we  see  the  section  of  the  longitndinal  clastic  fibres,  which  constitute  a number 
of  concentric  layera  round  the  artery,  and  arc  placed  in  close  mntnal  eoataet. 
When  one  of  these  plates  falls  back,  the  net  of  the  elastic  fibres  with  narrow 
meshes  becomes  visibi*.  The  fibrous  circular  tunic  has  lost  its  mnsoilar  fibre*, 
and  presents  long  fibres  (plates)  of  elastic  tissue. 

The  striated  tunic  appears  as  a dark  and  tolerably  broad  rim  of  transveraelT 
cut  clastic  fibres. 

The  clastic  fibres,  therefore,  run  longitudinally  in  the  elastic  tonic ; towards 
the  outside  they  gradually  pass  into  the  fine  clastic  fibres  of  the  adveothioas 
tunic ; towards  the  inside  they  cohere  with  those  of  the  fihron*  tonic.  In  the 
latter  we  find  a few  elastic  plates  of  greater  breadth,  the  ootermost  of  which 
consist  of  fibres  with  small  meshes,  whilst  the  innermost  are  real  coberreil 
plates,  in  which  but  minntc  apertures  are  left.  Between  the*c  plate*  there 
are  large  spaces,  in  which  circnlar  involuntary  muscular  fibres,  with  thin  clas- 
tic fibres,  arc  placed.  The  fibres  of  the  striated  tunic  run  principally  in  a kn- 
gitudinal  direction.  After  the  action  of  potash,  the  latter  tunic  b readily 
loosened. 
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The  threads  of  these  two  elementary  forms  alternate  with 
each  other,  and  their  relative  quantities  differ,  so  that  the 
elastic  fibres  towards  the  centre  of  the  vessel  (fig.  1 73,  a,  % 
and  174,  a,  2),  although  thinner,  are  in  greater  number, 
whilst  towards  the  circumference  they  become  thicker  and 
naore  alternating  with  threads  of  ligamentary  tissue  (fig.  1 73 
and  174,  6 2).* 


The  fibres  of  some  threads,  taken  from  the  middle  tunic  of  the  lar^  artery 
-of  a sheep,  (fig.  171,  a),  become  transparent  by  the  action  of  acetic  acid  (6), 
but  only  in  a degree  similar  to  those  of  involuntary  muscle,  and  within  them 
are  to  be  seen  a large  number  of  kernels,  regularly  diffused  through  the  whole, 
with  minute  elastic  fibres. 

The  in/emol  carotid  of  a sheep,  placed  in  acetic  acid,  has  the  same  appear- 
nce  AS  the  before-mentioned  carotid.  In  the  adventitious  tunic  thin  elastic 
fibres  occur,  with  a great  number  of  fibres  of  conjunctive  tissue.  The  elastic 
tunic  consists  of  closely  packed  plates  of  elastic  fibres,  six  to  seven  in  num- 
ber, which  separate  but  little  from  one  another,  showing  that  they  contain 
but  few  fibres  of  conjunctive  tissue.  The  circular  tunic  consists  of  involuntary 
miucular  fibres,  between  which  there  are  thin  clastic  fibres,  whilst  wc  perceive 
pdates  of  elastic  fibres  placed  at  regular  distances.  The  striated  tunic  consists 
of  a series  of  plates,  composed  of  fine  fibres  of  elastic  tissue. 

Tlic  inlereotlal  artery  of  a sheep,  cut  through  transversely,  presents  the 
same  tunics  as  the  large  arteries  before-mentioned. 

The  coeliac  artery  of  a man  has  the  same  general  characters,  but  the  elastic 
fibres  have  a less  laminar  appearance,  having  greater  similarity  to  threads. 

When  a transverse  section  of  the  dried  aorta  is  heated  with  strong  nitric 
acid,  and  then  moistened  with  an  excess  of  ammonia,  part  of  the  tunics  be- 
come dark  yellow,  the  others  remaining  colourless.  But  it  cannot  bo  correctly 
determined  which  tunics  become  yellow — and  therefore  contain  muscular  fibres, 
— and  which  remain  colourless.  It  is  certain,  however,  that  the  fibrous  cir- 
cular tunic  is  one  of  those  that  become  yellow.  (Donders  and  Mulder.) 

• The  euthHavian  vein  of  a cow,  the  longitudinal  section,  dried.  When 
placed  in  water,  it  presents  some  layers  of  clastic  fibres,  alternating  with  others 
which  run  in  the  longitudinal  direction  of  the  vein  (comp.  fig.  ITS,  a).  On  a 
transverse  section  these  layers  are  also  visible,  and  the  elastic  fibres  appear  cut 
throngh  transversely  (comp.  fig.  174,  a,  and  175).  After  being  treated  with 
acetic  acid,  the  elastic  fibres  in  the  outermost  layers  (fig.  174,  a,  1,  and  176,  a), 
appear  as  broad  as  those  in  the  clastic  tunic  of  the  arteries.  Towards  the 
interior  these  clastic  fibres  are  thinner  (fig.  174,  a,  2),  and  assume  more  and 
more  the  appearance  of  elastic  plates  (fig.  176,  6,  c,  and  d).  The  bundles  that 
are  placed  between  (fig.  173,6,  and  174,  6),  have  become  very  much  swollen  by 
the  action  of  the  acetic  acid,  and  consist  of  ligamentary  tissno  (fig.  177),  by 
which  the  layers  of  elastic  tisane  are  separated  from  each  other.  The  distance 
between  these  several  layers  becomes  far  lees  towards  the  interior  snrfaee  of 
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The  capillary  system  demands  our  peculiar  attention  ; for 
it  is  there  that  the  arterial  blood  becomes  venous,  and  as 
the  blood  supplies  the  materials  by  which  the  several  parts 
of  the  body  are  nourished,  this  capillary  system  is  the  place 
where  the  most  important  transformations  of  the  blood  are 
performed  From  the  blood  contained  in  this  S3rstem,  the 
adjoining  simple  particles  of  the  organism  take  what  they 
want  for  their  nourishment  and  support 

It  must  not,  however,  be  imagined,  that  the  capillary  sys- 
tem itself  is  the  place  of  action,  or  that  the  walls  of  the  ca- 
pillary vessels  exercise  any  influence  upon  the  change  of  ma- 
terials. It  would  appear,  on  the  contrary,  that  the  capillary 
system  serves  no  other  purpose  than  to  convey  the  nourish- 
ing fluid  to  and  from  the  several  elementary  forms,  which 
are  interwoven  through  this  system.  The  point  where  che- 
mical action  commences  is  icithout,  and  not  within  the  capil- 
lary system.  It  is,  nevertheless,  of  the  highest  importance 
to  the  life  of  the  animal,  and  to  all  its  functions,  because 
this  set  of  fine  tubes  enables  the  animal  organism  to  accom- 
plish a very  complicated  change  of  materials,  for  which  the 


the  rein  (fig.  173,  b,  1,  and  174,  b,  1)  ; consequently  the  threada  of  ligamentary 
tieene  between  the  eiaetic  plates  are  here  less  in  number. 

The  broad  elastic  fibres  are  here  and  there  in  the  innermost  tunica  so  tightly 
interwoven  with  one  another,  that  they  may  rather  be  said  to  constitute  a 
plate  with  minute  holee  (fig.  176,  d),  than  to  hare  retained  the  f broos  form. 

Between  the  layers  of  the  elastic  fibres  we  find  threads  of  ligameotarr  tisaae 
arranged  in  layers.  Hence  the  reins  consist  of  layers  both  of  threads  and  of 
plates  of  elastic  tissue, — of  which  the  latter  are  situated  towards  the  interior  of 
the  rein, — and  layers  of  threads  of  ligamentaty  tissue.  Ho  inroluntary  muscu- 
lar fibres  hare  been  perceived.  By  acetic  acid  the  fibres  between  the  elasUe  lay- 
ers become  suddenly  swollen  and  transparent  The  little  fibres  of  the  striated 
tonic,  after  being  treated  with  potash  for  sixteen  hours  and  a subsequent  addi- 
tion of  water,  bare  a somewhat  swollen  appearance  (fig.  178).  The  ligament- 
ary  tissue  is  dissolved,  bnt  the  elastic  fibres  and  plates  are  left  unaltered. 

On  the  edge  of  a valvule  of  the  same  vein,  coloured  with  tincture  «f  iodiac, 
we  perceive  a colourless  and  transparent  rim,  which  is  the  epithelium. 

Another  valvule,  when  treated  with  acetic  acid,  becomes  immediately  very 
transparent,  and  the  threads  of  Ugamentary  tissue  disappear  from  it.  Only  a 
few  elastic  fibres  present  themselves,  and  they  are  here  very  thin.  In  a mix- 
ture of  potash  ley  and  water,  the  valvule  it  readily  dissolved ; only  a few  fibrm 
ars  left.  (Donders  and  Mulder.) 
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Tegetable  organism  is  unfit  These  tubes,  however,  cannot 
produce  the  substances,  which  give  rise  beyond  the  capillary 
system  to  the  existence  of  such  very  different  elementary 
forms. 

The  capillary  system  is  a set  of  closed,  fine  tubes,  commen- 
cing at  the  extremities  of  the  arteries,  and  ending  at  the  com- 
mencement of  the  veins.  By  means  of  this  system,  the  arte- 
ries and  veins  have  an  uninterrupted  communication  with  each 
other,  although  this  takes  place  through  exceedingly  narrow 
tubes.  We  learn  from  this,  that  although  the  conversion  of 
arterial  into  venous  blood  takes  place  within  the  capillary 
system,  it  is  not  effected  through  it.  The  tubes  proceed 
without  interruption,  as  appears,  among  other  things,  from 
this,  that  the  blood  corpuscles,  although  elongated  and 
changed  in  form  in  these  narrow  tubes,  are,  however,  again  of 
the  same  form,  when  returning  through^ the  veins,  as  when 
they  were  carried  on  through  the  arteries.  The  capillary 
system  is  a fine  network  of  little  vessels,  which  undergo  no 
further  division,  giving  off  no  finer  ramifications,  but  mutu- 
ally communicating  in  various  ways. 

Such  a system  of  little  vessels  is  found  in  all  the  organs 
which  do  not  belong  to  the  tissues  of  epithelium,  enumerated 
at  page  495. 

There  are  some  tissues,  however, — such  as  the  tendons,  the 
ligaments,  the  cartilages — which  are  only  externally,  that  is 
round  their  secondary  bundles,  surrounded  by  it,  and  thus 
receive  no  nourishing  fluid,  except  at  very  great  distances 
Every  other  organ  receives  one  or  more  arteries,  and  one  or 
more  veins  leave  these  several  organs  again.  These  form  for 
themselves  a common  capillary  system,  however  different  the 
tissues  may  be  of  which  an  organ  consists.  As  the  minute 
ramifications  of  the  capillary  vessels  cross  each  other  in  every 
direction,  and  exist  in  large  numbers,  they  are  brought  by 
this  arrangement  into  the  very  closest  neighbourhood  of  the 
elementary  parts  of  each  tissue,  although  with  most  of  these 
parts  they  are  in  no  direct  communication.  For  this  purpose 
they  are  too  wide,  compared  with  the  primary  fibres  of  pri- 
mary globules,  except  in  the  case  of  the  fatty  and  glandular 
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cells,  'which  have  been  observed  to  be  in  direct  communiak- 
tion  with  the  capillary  vessels.  In  several  organs  a bundle  of 
primary  fibres  is,  as  it  were,  enveloped  in  capillary  vessels, 
as  we  find  in  the  muscles.  The  glandular  tubes  are  in  the 
same  way  enclosed  within  a little  vascular  network  (Henle,  p. 
475). 

The  velocity  with  which  the  blood  flows  through  the  capil- 
lary system,  is  not  the  same  in  every  portion  of  it.  in  the 
first  place,  this  velocity  is  greatly  influenced  by  the  greater 
or  less  division  of  the  arteries,  and  the  greater  or  smaller  num- 
ber of  the  communicating  branches  (anastomoses),  previous 
to  their  passing  into  the  capillary  vessels.  In  the  lungs  we 
often  see  such  a transition  take  place  suddenly,  and  thus  the 
blood  could  circulate  in  them  with  a proportionably  increased 
velocity,  if  the  canals  of  the  capillary  vessels  were  not  here  so 
very  minute.  Mor9over,  the  passage  of  the  blood  through 
the  capillary  vessels  is  very  different  in  different  organs.  The 
wider  these  vessels  are,  the  more  rapid  is  the  circulation  of 
the  blood,  all  other  things  being  equal 

It  is  clear,  that  this  greater  or  smaller  degree  of  velocity, 
with  which  the  blood  flows  through  the  capillary  system, 
must  have  an  important  influence  upon  the  change  of  the 
materials  which,  after  having  passed  through  their  walls,  are 
converted  into  the  elementary  parts  of  the  body.  In  some 
organs,  of  which  the  capillary  vessels  are  so  narrow  that  they 
scarcely  allow  the  blood  corpuscles  to  pass  through  them,  the 
latter  must  be  arrested  for  a long  time  ; and  here  this  slower 
motion  of  the  blood  may  have  a powerful  influence  upon  the 
adjoining  particles  of  the  tissues,  from  which  the  nutritive 
liquid  is  separated  only  by  the  thin  walls  of  the  capillary 
vessels.  A consequence  of  this  must  also  be,  that  this  nu- 
tritive liquid  leaves  and  returns  to  the  capillary  system  with 
a correspondingly  increased  energy.  In  the  lungs  these  ves- 
sels are,  according  to  Valentin’s  measurement,  very  narrow, 
and,  although  in  a certain  time  a great  quantity  of  blood 
flows  through  the  very  numerous  ramifications  of  the  capil- 
lary system  in  this  organ,  yet  the  blood  passes  but  slowly 
through  each  separate  capillaiy  vessel ; and  it  is  not  there- 
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fore  necessary  that  we  should  represent  the  taking  up  of 
oxygen  and  the  giving  off  of  carbonic  acid  through  these  vas- 
cular coats  as  taking  place  in  a short  period  of  time. 

The  very  smallest  capillary  vessels  have  in  all  organs 
neither  the  same  direction  nor  width,  nor  are  they  equally  nu- 
merous. We  perceive  in  their  walls  not  a trace  of  fibres,  or  any 
other  distinguishable  particle ; nothing  else  can  be  seen  but  a 
little  hollow  cylinder,  consisting  of  walls,  which  are  devoid  of 
any  structure,  and  are  insoluble  in  acetic  acid.  There  is  every 
reason  to  suppose  that  bi-oxide  of  protein,  although  not  the 
only,  is  yet  among  the  chief  constituents  of  the  capillary 
vessels,  but  our  knowledge  of  this  is  still  limited.  Here  aud 
there,  however,  we  find  minute  bodies,  placed  either  in  or  on 
the  outside  of  the  wall,  having  the  size  of  cell  kernels,  and 
resembling  these  also  in  their  containing  nucleoli.  They  are 
therefore  assumed  to  be  cell-kernels.  In  capillary  vessels  of  a 
somewhat  larger  size,  a great  number  of  these  cell-kernels  may 
be  distinguished,  lying  on  the  outside  of  the  wall,  and  in  addi- 
tion to  these  are  perceived  other  oblong  little  bodies,  placed 
either  longitudinally  or  transversely,  and  of  various  forms. 

The  capillary  vessels  are  devoid  of  any  visible  external 
aperturea  The  blood,  therefore,  that  leaves  and  that  enters 
it,  must  do  so  by  exosmotic  and  endosmotic  action. 

The  constituents  of  the  blood,  that  exude  through  the 
walls  of  the  capillary  system,  will  be  considered  when  we 
treat  of  the  secretions.  This  entering  and  leaving  the  capil- 
lary system  by  the  constituents  of  the  blood,  is  the  origin  of 
the  difference  between  arterial  and  venous  blood. 


PP.  Lymphatic  and  Chyle-vessds. 

There  are  some  vessels,  which,  like  the  veins,  originate 
from  a peculiar  capillary  system  ; they  are  called  lymphatic 
vessels.  They  are  similar  to  the  veins  in  their  continually 
enlarging  in  size  by  the  joining  or  anastomosis  of  a number 
of  smaller  sterna  These  vessels  are  for  the  greater  part  in 
connexion  with  the  thoracic  duct,  which  in  the  human  body 
discharges  itself  into  the  left  sub-maxillary  vein.  These 
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lymphatic  vessels  constitute  one  system  along  with  the  mOk 
vessels,  irhich  originate  from  the  chylic  and  para  into  the  tho- 
racic duct 

Both  these  kinds  of  vessels  draw  their  origin  from  a pecu- 
liar capillary  system ; the  latter  convey  the  chyle  or  some  of 
the  substances  absorbed  from  the  intestines,  whilst  the  former 
contain  a liquid  which  has  been  carried  through  the  arteries 
into  the  capillary  system,  and  after  having  penetrated  through 
the  walls  of  the  latter,  has  been  used  to  effect  a change  of 
materiala  The  largest  portion  of  the  fluids  that  have  passed 
outside  the  walls  of  the  capillary  system  is  carried  back  into 
the  circulating  blood,  not  by  the  veins,  but  for  the  most  part 
by  the  lymphatic  vessela 

There  is  this  similarity  between  the  lymphatic  and  chyle 
vessels  and  the  veins,  that  they  convey  liquid  to  the  heart, 
and  this  from  all  parts  of  the  body  to  which  fluids  have  been 
conveyed  by  the  arteriea  Being  provided  with  a capillary 
system  of  their  own,  both  the  lymphatic  and  the  chyle  vessels 
absorb  through  the  walls  of  that  system  the  surrounding  liquid, 
in  the  same  manner  as  is-  done  by  the  veins,  although  the 
liquid  is  here  probably  of  a different  nature ; and  in  the 
internal  canal  they  absorb  the  chyle  or  the  liquid  extracted 
from  the  contents  of  the  intestinea  They  do  not,  ther^ore, 
possess  any  apertures,  but  give  passage  to  the  fluids  through 
the  thin  walls  of  the  extreme  capillary  vessels,  both  of 
the  lymphatic  and  chyle  system,  by  endosmotic  action.  They 
form  a net-work  of  little  vessels,  which  are  often  placed  very 
close  together.  Such  a vascular  net-work,  fit  for  giving  pas- 
sage to  fluids,  covers  the  surface  of  the  intestines  and  the 
skin,  and  exists  in  all  parts  of  the  body  towards  which  arterial 
blood  is  conveyed.  These  vessels  have  been  found,  at  least, 
in  the  muscles,  in  the  shapeless  ligamentary  tissue,  in  the 
glands,  and  even  in  the  vertebra. 

The  common  binding  material  of  these  vessels  may  best  be 
observed  in  the  intestinal  flakes,  which  ore  small  papilhe, 
hanging  freely  in  the  interior  of  the  intestinal  canal  On  the 
surface  of  the  walls  of  such  a papilla  we  perceive  cell-ker- 
nels, as  on  the  capillary  vessels  of  the  blood  veraela 
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The  tunics  of  these  lymphatic  and  milk  vessels  consist  of 
ligamentary  tissue,  interwoven  with  elastic  fibrea 

With  regard  to  the  liquid  contained  in  them,  we  have  to 
remark,  that  as  they  have  no  direct  communication  with  the 
blood-vessels,  they  cannot  contain  the  particles  that  are  float- 
ing in  the  blood,  and,  therefore,  not  the  blood-corpuscles 
either.  The  liquid  that  is  present  in  them,  and  of  which  a 
quantity  may  be  collected  from  those  of  a larger  size,  diflers 
according  to  the  organ  from  which  the  lymphatic  vessel 
originatea  This  liquid  may  first  be  divided  into  two  classes, 
viz.,  chyle  and  lymph.  We  shall  treat  of  both  when  speak- 
ing of  the  fluids  of  the  animal  body. 


QQ.  Nervous  Tissue. 

This  tissue  is  the  noblest  of  all.  In  and  through  it  matter 
performs  the  highest  services  that  our  mind  can  imagine  to 
result  from  it  By  means  of  a set  of  threads  proceeding  from 
the  central  organ,  and  diflused  through  the  organism,  the 
impressions  made  upon  the  senses  are  transferred  to  the 
brain,  and  through  it  aflect  the  consciousness.  On  the  other 
hand,  the  expression  of  the  will  is  from  that  central  organ 
transferred  by  meansof  these  threads  towards  many  partsof  the 
body.  Various  actions  are  besides  performed  and  maintained 
through  their  instrumentality,  without  the  influence  of  the  will 

The  nerves  are  composed  of  fibres,  originating  from  the 
brain  in  the  form  of  roots,  which  are  united  together  into  a 
small  stem.  A number  of  these  small  stems  again  unite  and 
form  thicker  stems,  which  take  their  way  from  the  brain,  and 
after  having  been  divided  into  branches,  enter  into  the  or- 
gans of  which  they  are  to  maintain  the  activity  By  their  end- 
less ramifications  in  these  organs  they  at  last  encircle  even  the 
microscopic  particles,  and  return  in  most  cases  through  the 
same  bundle  of  nerves  to  the  brain,  where  they  are  said  to 
envelope  certain  cells  in  the  grey  matter.  Having  thus  neither 
beginning  nor  end,  they  are  actually  closed  threads,  of  which 
the  extremities  are  bent  round  the  cells  of  the  brain  and  the 
elementary  parts  of  the  body.  According  to  the  investiga- 
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tions  of  Hannover  and  Kolliker,  there  are  also  nervous  fibres 
connected  with  the  nucleated  plohules,  and  Henle  and  Kiilliker 
have  observed  a nervous  fibre  terminating  in  the  bodies  of 
Pacini. 

In  structure  the  nerves  are  of  two  kinds ; — first,  those 
which  go  to  the  muscles  and  the  skin,  called  white  nerves, 
and  second,  those  which  go  to  the  intestines  and  blood-vessels, 
called  grey  nerves. 

The  xchite  ttertes  are  firm,  shining,  and  surrounded  by  a 
solid  tube,  which  consists  partly  of  ligamentury  tissue  This 
tube  or  cylinder  serves  to  unite  the  nerves  with  the  circumja- 
cent parts.  The  section  of  a nerve  presents  internally  a collec- 
tion of  small  nerves  (fig.  179, 1),  each  of  which  is  enclosed  in  a 
little  tube  of  solid  liganientary  tissue  (4),  intermixed  with 
thin  clastic  threads,  these  being  united  with  one  another  by 
means  of  loose  cellular  tissue  (2).  The  smaller  nerves,  en- 
closed within  the  larger  ones,  are  again  composed  of  collec- 
tions of  still  smaller  and  thinner  bundles  of  nerves,  each  of 
these  being  again  surrounded  by  a minute  tube.  These  thin- 
ner bundles  are  again  composed  in  the  same  manner  (fig 
180),  till  we  at  last  come  to  a minute  bimdle  (2),  which  con- 
tains only  fibres  of  nerves,  united  into  one  whole,  but  no 
more  separable  bundlea  These  last  bundles  arc  called  pri- 
mary, and  the  threads  primary  threads,  primary  fibres,  or 
tubes  (fig.  181  and  182). 

The  neuiilema,  or  sheath  of  the  stems,  branches,  and  threads 
of  the  nerves,  when  boiled  in  water,  produces  gelatine,  but 
only  part  of  it  is  thus  changed  Besides  a capillary  vascular 
net-work  of  extreme  fineness,  we  find  here  and  there  threads 
of  elastic  tissue,  which  are  insoluble  in  acetic  acid  The  neuri- 
lema,  therefore,  consists  of  gelatinous  and  clastic  tissues,  and 
capillary  vessela 

In  a stem  of  the  nerves,  therefore,  we  find  the  bundles 
of  largest  size  down  to  the  very  smallest  enclosed  in  such  a 
case,  until  we  have  reached  the  primary  threads  of  the 
nervea  Those  threads  are  white,  shining  fibres  (fig.  182,  a), 
with  dark,  broad  rims,  possessed  of  a high  refracting  power. 
They  are  either  placed  parallel  to  the  sheath,  or  are  bent 
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into  angles,  or  cross  each  other  in  vermicular  directiona 
These  fibres  are  exceedingly  thin,  hut  their  diameter  variea 
In  the  nerves  of  sensation  (the  threads  of  Bidder  and  Volk* 
mann)  many  of  the  thinner  kinds  are  found  ; ^v}ulEt  in  those 
connected  with  the  muscles,  the  greater  part  are  thicker 
(cerebro-spinal  threads).  There  appears,  however,  to  be  no 
chemical  difference  between  these  two  kinds.  By  pressure, 
the  nervous  fibres  part  with  their  contents  entirely,  and  leave 
a little  tube  behind.  The  chemico-physiological  nature  of 
this  tube  is  not  known  with  certainty.  It  is  not  gelatinous 
tissue ; neither  is  it  probable  that  it  consists  of  elastic  ti.ssuc 
only,  for  potash  dissolves  it  after  a little  while 

The  contents  of  the  nervous  fibres,  or  the  substance  of  the 
nerves  proper,  is  during  life-time  perfectly  homogeneous ; 
but  after  death,  a separation  takes  place  between  its  two 
chief  constituents, — the  one,  albuminous,  diffused  iu  water, 
— the  other  consisting  of  fats.  This  separation  of  its  con- 
stituents is  also  effected  by  cooling,  and  rapidly  by  contact 
with  cold  water,  so  that  the  contents,  from  being  homoge- 
neous, are  divided  into  a great  number  of  globules,  which  float 
together,  occupy  the  central  part  of  the  thread  (fig.  182,  b), 
and  render  it  transparent,  the  albuminous  matter  being  de- 
posited in  the  form  of  a thick  wall  upon  the  internal  part  of 
the  tube. 

This  separation  is  worthy  of  some  attention.  The  chief 
constituents  of  the  substance  of  tlie  nerves  are  fat,  albumen, 
and  water.  During  life  these  are  united  into  one  whole,  but 
they  are  separated  after  death.  The  protein  substance  is 
dissolved  by  acetic  acid,  but  the  fat  is  left ; potash  dissolves 
both  ; ether  dissolves  the  fat,  but  leaves  the  protein  substance 
behind.  The  latter  is  predominant  in  quantity,  and  hence 
acetic  acid  renders  the  contents  of  the  nervous  fibres  liquid, 
leaving  a bent,  thick  axis  behind  (fig.  184).  By  potash,  the 
whole  is  converted  into  a thick,  viscid  fluid,  and  on  tho  addi- 
tion of  water,  globules  of  fat  are  left  (fig.  1S5).  Ether  ren- 
ders it  thick  and  granular,  and  makes  the  axis  disappear  (fig. 
186,  a). 

The  change  which  the  substance  of  the  nerves  undergoes 
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after  death,  is  therefor©  not  a coagulation,  but  a true  separa- 
tion of  substances,  which  were  united  during  life.  This  sepa- 
ration bears  some  resemblance  to  the  rising  of  the  cream  from 
the  cheesy  matter  of  the  milk,  which  two  substances  formed 
at  first  an  emulsion-like  fluid,  and  separate  on  being  left  to 
rest.  The  agglomeration  of  the  particles  of  fat  in  the  axis 
of  the  primary  nervous  thread,  and  the  leaving  behind  of 
the  albuminous  matter  mixed  with  water,  upon  the  walls  or 
tube  of  the  primary  fibre,  is  attended  by  a remarkable 
phenomenon,  viz.,  the  change  of  the  nervous  matter  com- 
mences from  the  tube,  and  whilst  towards  the  exterior 
there  is  a continual  formation  of  granular  matter,  the  axis  of 
the  cylinder  becomes  transparent  The  protein  substance, 
combined  with  fat  and  water  into  an  emulsion-like  body, 
constitutes  the  external  granular  parts,  and  the  interior 
transparent  axis  consists  of  a large  proportion  of  fat,  with 
more  or  less  protein  substance,  vnthout  w<tter.  The  protein 
compound  is  present  in  both ; by  water  the  latter  becomes 
as  opaque  as  the  former. 

This  cylinder-axis — a strange  name  certainly — is,  how- 
ever, often  wanting,  and  is  not  entitled  to  so  much  attention 
as  has  been  paid  to  it* 

* The  human  Uchiadie  nerve,  trantveree  aeelion,  dried.  It  preaenti  iteelf  u 
roundish  cut  bundles  (fig.  170, 1),  having  a very  variable  diameter,  and  inter- 
woven for  about  the  half  of  its  extent  with  loose  ocllnlar  tissue  (2),  in  which  fat 
tissue  is  occasionally  found  (3).  When  more  magnified  (fig.  180),  the  circular 
sections  of  the  fibres  of  the  nerve  are  seen  to  be  in  immediate  mutual  contact. 
On  the  addition  of  acetic  acid,  a secondary  bundle  parts  with  the  loose  cellular 
tissue,  which  becomes  perfectly  transparent,  whilst  the  secondary  bundle  pre- 
sents a transparent  rim  (fig.  170,  4,  and  180,  1),  by  which  it  is  entirely  snr- 
rounded.  By  the  continued  action  of  the  acid,  the  secondary  bundle  giadnally 
presents  a great  number  of  subdivi^ons,  being  the  primary  bundles  (fig.  ISO, 
2),  with  transparent  lines,  which  differ  from  the  swelling  cellular  tissoe  (3). 
The  primary  bundles  themselves  are  free  from  cellular  tissue,  and  present  a 
group  of  primary  nervous  threads,  which  retain  their  dark  appearance,  and  lie 
In  immediate  proximity  to  one  another.  The  primary  bundles  are  of  varioas 
thickness,  and  contain  a number  of  primary  fibres,  from  forty  to  one  hundred 
and  upwards.  By  the  aid  of  a still  higher  magnifying  power,  the  primary 
fibres  are  seen  as  of  a somewhat  circular  appearance,  and  are  found  to  conust 
of  a thick  rim,  which  contains  concentric  lines,  and  presents  internally  a more 
or  leas  cirenlar  line,  within  which,  exactly  in  the  centre  of  the  nervons  fibre, 
there  la  a transparent  point  (fig.  181). 
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The^r^  nerves  are  different  from  the  white,  first,  in  respect 
of  their  fibres  (fig.  189),  which  are  surrounded  by  an  integu- 
ment that  swells  very  much  in  acetic  acid  (2),  being  thinner, 
though  in  all  other  respects  they  are  similar  to  the  fibres  of 

Aroond  each  kind  of  bundle,  both  aecon  lary  and  primary,  we  find  the 
ncurilema  rendered  transparent  by  strong  acetic  acid,  and  consisting  of  swollen 
portions  of  ligamentary  tissne,  interwoTcn  with  threads  of  elastic  tisane, 
which  do  not,  bowerer,  proceed  far.  They  are  placed  like  a circle  round  the 
bundle. 

When  strong  nitric  acid  is  applied  to  the  transrerse  section  of  the  nerve,  we 
aee  in  the  primary  fibres  a sharply  defined  rim,  along  with  a transparent  circu- 
lar part,  which  is  placed  in  the  centre. 

The  lait  or  tenth  nerve  of  the  epmal  marrow  of  a frog. 

It  presents  a great  number  of  parallel  nervous  fibres  (fig.  182,  b)  with  double 
outlines,  and  irregular  granular  contents.  A single  one  (1)  has  homogeneous 
contents,  and  is  not  at  all  granular.  The  stretching  has  caused  the  sheaths 
of  some  of  the  primary  fibres  to  give  way,  and  thus  the  axis  of  the  cylinder, — 
which  is  much  thinner  than  the  entire  nervous  thread,  very  transparent,  and 
not  granular, — makes  its  appearance. 

After  having  been  kept  for  half  an  hour  in  a strong  potash  ley,  the  sheaths 
of  the  primary  fibres  appear  to  be  dissolved,  and  the  contents  have  become  finely 
granular  (fig.  183).  By  the  action  of  the  potash,  the  threads  have  been  made 
on  many  places  to  break  at  right  angles  to  the  axis,  and  on  other  places  they 
present  alternate  contractions  and  swellings. 

By  the  action  of  strong  acetic  acid  continued  for  an  hour,  the  neurilema  be- 
comes more  transparent,  but  in  a less  degree  than  the  ligamentary  tissue.  The 
contents  of  the  nervous  threads  becomes  more  transparent  and  swells ; the  whole 
is  regularly  inflated,  and  the  double  outlines  have  disappeared.  Weak  acetic 
acid,  on  the  contrary,  makes  the  nervous  thread  darker  and  granular.  By  strong 
acetic  acid  the  albuminous  parts  of  the  contents  become  swollen  and  gelatinous, 
and  thus  the  sheath  is  stretched  out  and  becomes  more  transparent,  whilst 
weak  acetic  acid  cannot  render  the  albuminous  part  gelatinous.  In  some  of 
these,  when  placed  in  strong  acetic  acid,  the  contents  has  been  bent  in  the 
shape  of  an  3,  sometimes  even  like  a spiral,  and  then  it  does  not  occupy  the 
centre  (fig.  184,  1).  This  seems  to  be  the  axis  of  the  cylinder,  consisting  of 
&ts,  forced  in  various  directions  through  the  particles  of  albumen,  which  are 
placed  round  the  axis  towards  the  sheath,  and  have  become  much  swollen  by 
the  action  of  the  acetic  acid. 

After  a prolonged  treatment  with  strong  potash  ley,  the  sheaths  giro  way 
and  part  with  their  contents,  which  are  left  behind  as  a granular  masn.  The 
sheaths  separate  in  the  form  of  plates,  and  are  subsequently  dissolved  liy  the 
potash.  On  the  addition  of  water  the  contents  are  divided  into  a finely  granu- 
lar substance,  which  coheres  a long  time  together,  and  presents  itself  in  the 
form  of  little  globules ; the  sheath,  however,  is  completely  dissolved.  The 
albumen  appears  to  be  now  entirely  dissolved  in  the  potash,  whilst  the  fat  is 
insoluble  in  the  excess  of  alkalL  The  globules  cohere  together,  become  larger. 
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the  white  nerves  ; secondly,  there  exists  a large  quantity  of 
cellular  tissue  (1)  between  the  bundles  of  the  grey  nerves, 
and  the  threads  of  Remak  are  especially  present  in  them,  pre- 
senting themselves  as  pale,  flat,  transparent  fibres,  in  which  dis- 
tinct kernels  appear,  especially  after  the  action  of  acetic  acid.* 


and  remain  behind  in  the  form  of  Urge  Ut  or  soap  globules,  being  frcqaentl; 
arranged  in  the  direction  of  the  former  nervous  thread  (fig.  185). 

The  tenth  nerve  qf  the  epinal  marrow,  not  quite  fresh  when  extneted  wiih 
other.  The  primary  fibres  are  granular  to  the  outermost  drcumference,  and 
these  granules  are  scattered  through  the  eentre  and  over  the  whole  surface,  but 
they  arc  chiefly  arranged  into  two  rows,  on  the  two  external  rinu  (fig.  186,  a). 
Strong  acetic  acid  makes  the  granules  disappear,  and  the  whole  becomes  homo- 
geneous, transparent,  pale  and  swollen  (fig.  18G,  6).  On  the  outermost  rim,  a 
sheath  is  very  distinctly  seen,  consisting  of  a thin  membrane,  which  is  leas 
transparent  than  the  more  interior  parts. 

The  same,  after  digestion  in  a strong  potash  ley  for  an  hour.  By  the  addi- 
tion of  water,  the  primary  fibre  becomes  very  granular  on  the  whole  of  its  sur- 
face, which  is  to  be  ascribed  to  partial  solution.  Gradually  the  thread-like 
forms  disappear,  the  granules  decrease  in  siie,  and  at  last  nothing  risible  re- 
mains. The  absence  of  that  part  which  we  saw  remaining  after  nervous  tbrcad.s 
which  hod  no<  been  previously  digested  with  ether,  were  treated  with  pota^ 
confirms  what  we  above  suggested  with  regard  to  their  constitution. 

The  sympathetic  nevtceof  Bidder  and  Volkmanu,  from  a frog  (the  connecting 
branch  of  the  eighth  nerve  of  the  spinal  marrow  with  the  sympathetic  nerve). 
They  appear  chiefly  as  thin  threads  (fig.  187,  a),  without  double  outlines. 
After  having  been  kept  for  an  hour  in  a strong  solution  of  potash,  they  hare 
become  transparent  and  granular  (6),  and  now  they  exhibit  the  most  striking 
similarity  with  the  cerebro-spinal  nerves.  (The  threads  of  Remak  are  wanting. 
In  warm  blooded  animals  these  are  found  in  the  sympathetic  nerve.)  After 
having  been  kept  in  strong  acetic  acid  for  an  hour,  their  axis  also  has  partly 
assumed  a spiral  or  S-like  appearance,  and  has  become  transparent  (^.  This 
arises  from  the  swelling  or  extension  of  the  albuminous  matter  against  the  £su 
in  the  axis,  exactly  in  the  same  manner  as  in  the  cerehro-spinal  nerves.  These 
nervous  threads,  therefore,  appear  to  have  entirely  the  same  character  as  the 
cerebro-spinal  threads.  (Bonders  and  Mulder.) 

* The  human  nerrtu  splanchnicve  a pore  sympathetic  branch  (fig.  1 88). 
The  section  presents  some  secondary  bundles  (I),  between  which  there  is  a 
large  quantity  of  loose  cellular  tissue  (2).  By  means  of  aeetic  acid,  the  whole 
becomes  greatly  enlarged,  owing  to  the  intermediate  matter  being  swoUea. 
The  secondary  bundles  have  a neurilema  of  their  own  (3),  which  diffen  froa 
the  intermediate  matter,  by  the . latter  consisting  of  threads  of  ligamentary 
tissue,  mixed  with  others  from  the  elastic  tissues,  which  have  swellings  here 
and  there ; in  the  neurilema,  on  the  other  hand,  is  a retienlated  texture  of 
elastic  threads,  mixed  with  threads  of  ligamentary  tissue,  and  swelling  but  litUe 
in  aeetic  arid. 
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When  the  fibres  of  the  white  nerves  are  predominant  in 
them,  they  approach  to  the  latter  both  in  appearance  and  in 
function,  and  vice  versa.  In  the  branches  of  the  sympathetic 
nerve  (fig.  187  and  188),  the  second  kind  of  fibres  exists  in 
greater  number,  and  only  a very  few  fibres  of  white  nerves 
are  found.  If  the  threads,  intermixed  with  these  nerves,  do 
really  belong  to  the  gelatinous  and  elastic  tissues,  then  their 
nature  can  have  no  direct  influence  upon  the  function  of 
these  nerves. 

The  fibres  of  these  grey  nerves  take  their  origin  chiefly  or 
exclusively  from  the  ganglions,  in  which  we  find,  besides  the 
nervous  fibres,  a large  number  of  either  ovate  or  angular  cor- 
puscles (fig.  194  and  197),  in  the  centre  of  which  there  is  a 
clear,  transparent,  globular  body  (2)  surrounded  by  a rim  ; 
whence  these  corpuscles  have  the  appearance  of  two  vesicles, 
the  one  enclosed  in  the  other  (nucleated  globules).  Of  these 
little  bodies  a great  number  exist  in  the  grey  cerebral  mat- 
ter, and  we  shall  treat  of  them  presently.  These  irregular  or 
ovate  corpuscles  are  diflfused  bctw'cen  the  fibres,  and  enclosed 
in  cells  of  the  neurilema,  giving  the  ganglion  a rough  sur- 
face. The  nervous  threads  that  enter  into  such  a gangh'on, 
divide  themselves  into  fibres,  which  are  twisted  round  these 
bodie.'<  in  every  direction  (fig.  194). 

The  manner  in  which  the  nerves  communicate  with  the 
organs  that  are  by  them  brought  into  action,  is  very  variabla 
The  muscles  receive  branches  of  nerves,  which  divide  them- 
selves in  various  ways,  and  form  a kind  of  loops,  which  have 

The  lecondaiy  bundles,  after  being  treated  with  acetic  acid,  leave  more 
spaees  between  them  (fig.  189,  1)  than  the  animal  nerves.  Between  these, 
therefore,  there  must  bo  threads  of  ligamentary  tissue,  which  arc  made  to  swel 
bj  the  acid.  The  primary  bundles  have,  therefore,  an  integument,  which  be* 
comes  transparent  and  swollen  after  the  application  of  acetic  acid. 

The  primary  fibres  are  very  thin  (threads  of  Bidder  and  Volhmarm),  and 
mixed  with  only  a very  few  of  a thicker  kind.  Their  integument  (2)  swells 
and  becomes  broad  after  the  action  of  acetic  acid.  The  contents  look  dark  (8). 

The  same  splanchnic  nerve,  when  fresh,  and  tom  longitudinally,  yields  fine 
threads  of  the  ligamentary  and  elastic  tissues,  the  latter  of  which,  on  the  addi- 
tion of  acetic  acid,  contiact  into  spirals.  The  primary  fibres  are  partly  thick 
and  partly  thin,  and  further  consist  of  Remak’s  threads,  containing  a great 
number  of  kernels.  (Donders  and  Mulder.) 
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no  end,  but  run  across  each  bundle  of  muscles.  Both  tlio 
beginning  and  the  end,  therefore,  of  these  nervous  threads 
cohere  with  a nervous  branch.  In  the  skin  the  ner\’es  of  sen- 
sation divide  themselves  into  very  fine  threads,  which  form  a 
rhombic  network,  and  these  threads  are  again  united  into  a 
new  stem  of  nerves.  Here  again,  therefore,  we  find  the  ner- 
vous fibres  without  tennination.  Even  in  the  papilla?  of  the 
most  sensitive  parts  of  the  skin,  it  is  not  the  end  of  a nervous 
thread  that  enters,  but  only  the  bending  of  it ; the  same 
applies  to  the  mucous  membranes. 

As  regards  the  manner  in  which  the  nerves  originate  from 
the  brain  and  spinal  marrow,  they  commence,  according  to 
the  observations  we  have  made  on  them,  in  the  form  of  simple 
fibres,  which  are  from  their  commencement  encased  in  a 
tube,  in  which  the  nervous  matter  is  contained.  The  whole 
of  the  substance  of  the  brain  and  spinal  marrow  is,  as  far  as 
the  white  marrow  is  concerned,  an  accumulation  of  an  innu- 
merable quantity  of  such  fibres  (fig.  190),  consisting  of  little 
tubes  with  medullary  contenta  These  tubes  vary  in  diame- 
ter, and  the  widest  of  them  are  placed  at  the  interior  part  of 
the  spinal  marrow.  These  fibres  unite  into  bimdles,  which 
pass  visibly  into  the  bounding  nerves,  but  are  at  the  same  time 
laterally  connected  with  each  other  and  interwoven  in  mani- 
fold directiona  The  tubes  of  the  nerves  have  a direct  com- 
munication with  those  of  the  brain.  Other  fibres  that  exist 
in  the  nerves  of  the  intestines  and  blood  vessels,  have  not  yet 
been  found  in  the  white  matter  of  the  brain,  and  we  may, 
therefore,  at  present  class  the  constituents  of  the  white  brain 
with  those  of  which  the  finest  nervous  fibres, — that  is,  the 
tubes  of  the  white  nerves, — are  composed.* 

According  to  Valentin,  the  ends  of  the  nervous  fibres  in 

• The  while  cerebral  matter  of  a cow,  from  the  outermost  layer  of  the  cornu 
ammonis.  It  is  a granular  mass,  mixed  with  some  thin  varicose  nervous  fibres 
(fig.  190,  a).  When  taken  from  the  hemispheres,  we  perceive  a numlier  of 
thin  nervous  fibre.s,  interwoven  in  all  directions  (h),  of  which  nearly  the  entire 
mass  consists.  All  the  fibres  have  wart-like  swellings  (the  brain  a-as  three 
days  old) ; some  of  them  arc  much  thicker  than  the  rest,  others  much  thinner 
than  the  general  average.  In  the  oblongated  marrow  we  again  find  a few 
nervous  fibres  that  are  very  thick  (c),  with  thick  coats  and  a distinct  axis. 
Some  of  these  are  particularly  thick.  (Donders  and  Mulder.) 
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the  brain  arc  bent  back  and  liave  no  real  termination,  as 
in  the  organs  towards  which  the  nerves  are  directed.  The 
white  matter  of  the  brain  may  be  considered  as  an  accumu- 
lation of  the  same  tubes,  of  which,  as  we  have  seen,  the  ends 
of  the  nervous  fibres  consist. 

A section  of  the  grey  substance  of  the  brain,  when  ob- 
served from  the  exterior,  appears  under  the  microscope  as  a 
granular  substance  with  little  vesicles  (fig.  191,  a),  in  which 
we  find  globular  and  untransparent  little  bodies.  When  we 
examine  it  more  towards  the  interior,  we  see  a structure  ap- 
proaching gradually  to  that  of  the  ganglia,  as  we  come  nearer 
to  the  medullary  cerebral  matter ; that  is  to  say,  between  the 
said  vesicles  we  find  nervous  fibres,  just  as  in  the  ganglia. 

These  vesicles  are  called  nucleated  globules  (fig.  191, 
192,  o,  and  193).  They  are  large  cells  with  a smaller  one 
placed  nearly  in  the  centre,  and  in  this  internal  cell  there  is 
a nucleolus.  By  acetic  acid  this  nucleolus  is  rendered  much 
more  distinct,  and  the  whole  globule  assumes  a granular  ap- 
pearance. They  resist  the  action  of  potash  for  a long  time. 

When  highly  magnified,  the  granular  substance  in  the 
nucleated  globules  appears  grouped  into  cells  (fig.  191,  b). 
In  the  centre  we  observe  a distinct  cell,  with  clear  contents 
and  a kernel,  inclosed  in  a cellular  membrane.*  In  this 
granular  matter  is  contained  a fatty  substance. 

Our  knowledge  both  of  the  form  of  the  elementary  parts 

* The  grey  eubetance  from  the  great  brain  qf  a cow.  It  is  a granular  aub- 
•tance  interwoven  with  a large  number  of  blood  voaaeU.  After  it  baa  been 
moistened  with  water,  there  appear  little  globules  (fig.  191,  a),  with  both  gra- 
Bnlar  contents  and  a rim ; within  them  we  find  a nucleus  (cell),  and  within 
the  Utter  a nucleolus  (kernel).  These  nucleated  globules,  however,  are  but 
sparingly  diffused  through  a mass  of  finely  granular  matter.  Between  them 
there  is  a large  number  of  thin  nervous  threads.  (W e have  not  been  able  to 
observe  these  appearances  without  moistening,  and  the  object  has  been  ex- 
amined uncovered.) 

By  the  action  of  acetic  acid  the  whole,  including  the  globules,  becomes  more 
grannUr,  and  the  Utter  acquire  a clear  broad  rim.  The  kernel,  nay  the  whole 
globule,  becomes  much  more  distinct.  The  remainder  of  the  mass,  not  con- 
sisting of  globules,  is  also  rendered  dark  by  dilute  acetic  acid  ; and,  whilst  in 
this  liquid,  the  globules,  which  are  now  easily  to  be  seen  by  means  of  their 
very  distinct  kernels,  are  plainly  visible,  we  are  at  the  same  time  auabled  to 
see  that  the  whole  mass  does  not  consist  of  such  globules. 
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of  the  brain  and  nerves,  and  of  their  chemical  composition, 
is  equally  insignificant  in  helping  us  to  an  acquaintance  with 
the  functions  of  these  noblest  of  all  organs. 


The  same  form  is  peculiar  to  the  nucleated  globules,  which  we  saw  in  the 
grey  substance  of  the  cornu  ammonis  of  cow  brain,  after  the  grannlar  matter, 
which  is  likewise  found  here  in  abundance,  has  been  washed  away  writb  water. 
The  whole  is  mixed  with  capillary  vessels  and  with  nervous  fibres,  having  va- 
ricose swellings.  Among  the  irregularly  granular  substances  there  exist,  be- 
sides the  nucleated  globules,  other  globules  of  a granular  appearance  (fig.  193. 
a),  which  are  a little  larger  than  the  kernels  of  the  globules ; and  others  still, 
of  the  size  of  these  kernels,  which  tre  clear  and  transparent,  like  gtobnles  of  EsL 

By  a very  high  magnifying  power  (fig.  191,  6),  we  observe  in  the  nncleated 
globules  next  the  kernel  a cell-like  arrangemeut  of  the  grannlar  matter. 

The  grey  gubttanee  of  the  small  brain  of  a com  contains  a large  number  of 
nucleated  globules  (fig.  193),  interwoven  with  nervous  fibres.  The  globales 
have  cells  with  kernels,  granular  contents,  and  some  of  them  on  one  side  a 
pear-shaped  prolongation  (1).  These  globules  are  considerably  larger  in  sin 
than  those  of  the  grey  matter  of  the  great  brain. 

The  grey  cerebral  matter.  Part  of  the  superior  and  exterior  sui&oe  of  the 
brain  of  a living  frog,  and  a thin  layer  of  the  cervical  substance  below  it,  was 
cut  away  by  means  of  a pair  of  scissors.  U ndcr  the  microscope,  the  nucleated 
globules  are  very  faintly  visible  under  the  form  of  rouud  and  well-defined 
spheres,  containing  little  granules.  On  the  application  of  strong  acetic  Kid 
both  the  defined  edges  and  the  granular  contents  become  much  more  distinct. 
After  a little  time  they  disappear. 

Another  fragment  put  into  water  presents  a very  large  number  of  tbe  tame 
nucleated  globules ; their  outlines  are  in  immediate  contact,  and  appear  to 
constitute  the  whole  mass  of  the  grey  cerebral  matter.  Between  them  there 
is  a large  quantity  of  very  small  globules,  which  look  like  globnies  of  fiat,  and 
do  not  form  a part  of  the  nucleated  globules.  On  acetic  Kid  being  added,  tbe 
nncleated  globules  distinctly  appear,  and  on  them  we  are  able  to  distinguish  a 
well-defined  rim  and  granular  contents.  The  globules  are,  however,  in  Um 
case  interwoven  with  transparent  threads  running  in  a determinate  direction. 
By  strong  acetic  Kid  the  globules  swell,  become  pale,  and  show  very  distinctly 
the  presence  of  a kernel.  After  all  else  has  been  dissolved,  or  at  least  bocoins 
invisible,  the  globules  of  fat  remain. 

The  grey  substance  of  the  spinal  marrow  presents  a large  number  of  well- 
defined  nucleated  globules,  interwoven  with  a great  many  nervous  fibres.  By 
acetic  Kid  the  whole  is  rendered  transparent  and  dissolved,  with  the  excepthm 
of  a great  quantity  of  minute  globules  of  fat. 

The  grey  substance  of  the  brain  in  potash.  Tbe  nncleated  globules  are  left 
unchanged,  aggregated  into  one  group.  After  the  addition  of  water  they  at 
first  remain  unchanged;  gradually,  however,  they  lose  their  form,  and  present 
the  appearance  of  a homogeneous  granular  substance,  in  which  a large  nuralwr 
of  minute  globules  of  fat  are  floating,  which,  therefore,  have  not  been  saprar 
fied.  These  globnies  are  exKtly  the  same  as  those  mentioned  above. 
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The  chemical  nature  of  the  brain  varies  with  the  part 
which  is  examined  The  white  matter  of  the  brain  appears 
to  consist  of  the  same  substances  as  the  primary  threads  of 


Tht  gotten  of  a cow.  It  containa  Urge  nncleated  globoles  (fig. 

194)  aniToanded  by  a great  many  nerroos  threadi.  One  nucleated  globule 

(1)  contuna  a cell  (2),  of  one-fourth  of  the  diameter  of  the  globule,  and  in  thia 
cell  there  appeara  a diatinct  kernel  on  the  application  of  dilute  acetic  acid. 
After  aome  time  the  wall  of  the  cell  has  disappeared,  the  kernel  has  become 
Tery  diatinct,  and  the  whole  contents  of  the  nucleated  globule  are  granniar. 
Without  acetic  acid,  the  kernel  is  still  distinctly  Tisible,  but  the  outline  of  the 
cell  is  seen  with  difficulty.  Strong  acetic  acid  renders  the  outline  (fig.  195, 1) 
of  the  nncleated  globule  broad,  and  it  now  appeara  to  consist  of  threads  (Re- 
mak’s  thread),  in  which  we  see  a great  many  small  elongated  kernels.  The 
grannUr  contents  of  the  globule  (2)  have  pUinly  become  eollular,  consisting 
of  a Urge  quantity  of  little  cells,  with  faint  outlines  and  granular  contents, 
pressed  against  one  another,  and  filling  the  whole  of  the  nucleated  globule. 
After  the  inclosing  fibres  have  been  dissolved  (the  kernels  remain  undissolved 
and  diflhse  themselves),  the  whole  globule  is  left  without  any  distinct  rim. 
After  the  more  prolonged  action  of  the  acetic  acid,  the  whole  cellular  contenU 
become  pale,  and  are  gradually  so  completely  dissolved,  that  nothing  more 
can  be  distinguished,  which  is  in  consequence  of  the  pressure  and  difiusion  of 
the  nncleated  globules. 

By  a strong  potash  ley  the  globules  undergo  no  change.  Even  after  the  ad- 
dition of  water  they  long  resist  its  action ; the  contents  of  the  globules  being 
for  a very  long  time  still  distinguishable  as  positive  cells.  Wherever  the  ex- 
ternal covering  is  removed,  the  cellular  contenU  are  dissolved  by  the  potash. 
This  covering,  however,  rcsisU  the  action  of  the  alkali,  and  appears  thereby 
to  be  insoluble  in  it. 

While  a large  number  of  fatty  or  soapy  spherules  present  themselves  in  the 
interwoven  nerves,  these  are  not  to  be  seen  in  the  globules  themselves  during 
the  action  of  the  potash. 

There  are  a great  many  of  the  globules,  upon  the  suriaco  of  which  a ncr, 
vons  fibre  lies  coiled  or  bent  in  a vermicular  direction  (fig.  190).  We  saw  in  no 
place  an  undoubted  connection  between  nucleated  globules  and  nervous  fibres. 

Strong  nitric  acid,  even  after  the  action  of  an  hour,  has  no  cfiTcct  upon  them, 
farther  than  that  the  whole  has  become  less  transparent  and  more  granular. 
The  walls  of  the  nervous  fibres  have  also  been  left  unchanged.  After  an  excess 
of  ammonia  has  been  added,  the  whole  mass  has  become  yellow,  but  the  glo- 
bules remain  undissolved,  and  their  contenU  are  coarsely  granuUr.  These  cells 
and  kernels  are  invisible,  the  integument  is  swollen  and  fibroua  It  is  divided 
by  pressure,  and  is  not  dissolved  on  the  addition  of  water. 

A thin  section  of  a piece  of  the  ganglion  gosseri,  when  dried  and  put  into 
water,  affords  a fine  opportunity  for  seeing  distinctly  the  fibres  of  Remak,  or 
at  least  the  thread-like  outline  (fig.  197, 1),  and  also  a clear  outline  of  the  coll 

(2)  which  is  found  in  every  nucleated  globule. 

In  a fresh  piece,  kept  in  potash  for  forty-eight  hours,  the  oontenU  of  the 
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the  nerves,  viz.,  albuminous  and  fatty  contents  in  thin  tubes. 
The  grey  substance  consists  first,  at  least  toward  its  exte- 
rior, of  the  same  threads,  and  secondly  of  the  nucleated 
globules,  which  seem  to  have  fatty  and  albuminous  contents, 
and  further  of  the  membranes  of  the  larger  and  inclosed 
cells  and  their  kernela  All  the  constituents  of  blood,  -with- 
out exception,  are  found  in  the  soft  and  yielding  mass  both 
of  the  white  and  grey  substance,  as  in  every  case  these  are 
mixed  with  blood  vessels. 

The  following  results  have  been  obtained  from  analyses 
made  by  Lassaigne : — 


Orey  White 

Kubstence.  wibetaiice. 

Albumen,  ...  ...  7'5  9"9 

Colourless  fat,  ...  ...  1‘0  13-9 

Red  fat 3'7  0-9 

Meat  extract,  (osmazome),  lactic  acid,  and 

salts 1-4  1-0 

Phosphates,  ...  ...  I’S  1’3 

Water,  86'2  73-0 


These  results  Lassaigne  obtained  from  the  brain  of  an  in- 
sane person.  Vauquelin  obtained  results  from  the  white  and 
grey  substance,  mixed  together,  which  nearly  agree  -with 
these.  Denis  found  : — • 


From  a person  20 

From  a person  78 

years  old. 

years  old. 

Albumen, 

7-3 

7-8 

Fat,  containing  phosphorus,  12-4 

13-3 

Meat  extract 

(osmazome) 

and  salts. 

1-4. 

2-5 

Water, 

78-0 

760 

Loss, 

0-9 

0-4 

Fremy  states,  that  he  has  found  in  brain  7 per  cent  of  albu- 


globulcs  hare  become  very  dark  and  small,  so  that  nothing  more  can  bo  distin.- 
guished.  On  the  addition  of  water  they  swell  very  much,  but  are  but  slowly 
dissolred ; the  wall  does  not  even  seem  to  dissolve  at  all.  (Donders  and  Mulder.) 
* Bdcherches  sur  U Sang,  p.  SO. 
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men,  5 per  cent  of  fats,  and  80  per  cent  of  water  (the  re- 
mainder being  osmazome  and  salts). 

In  these  analyses,  however,  no  attention  has  been  given  to 
the  tubes  of  the  primary  fibres,  nor  of  the  cellular  membranes 
of  the  nucleated  globules. 

The  only  peculiar  constituents  that  are  found  in  the  results 
of  these  analyses,  as  differing  from  those  found  in  any  other 
part  of  the  body,  are  the  fats.  We  must  acknowledge, 
nevertheless,  that  we  are  as  yet  but  very  imperfectly  ac- 
quainted with  the  composition  of  the  brain.  The  state  in 
which  the  albumen  exists  in  them,  may  be  called  coagulated  ; 
at  least,  it  is  insoluble  in  water,  and  so  intimately  combined 
with  the  fat,  that  the  brain,  when  triturated  with  water, 
forms  a liquid,  resembling  an  emulsion  of  almonda  It  is  not 
dissolved  in  the  water,  for  it  is  rendered  liquid  by  acetic  acid. 
Denis  states,  that  the  mass  of  the  brain  grows  more  solid  in 
old  age. 

The  fats  may  be  extracted  firom  the  brain  by  ether  and 
alcohoL  The  principal  part  of  the  fats  of  the  brain  consists 
of  cholesterin,  a fatty  matter  which  exists  in  large  quantity 
in  the  bile,  and  is  also  found  in  the  blood  (see  p.  259). 

Couerbe  has  obtained  from  the  brain  several  kinds  of  fat 
which  are  peculiar  to  them.  One  of  them,  which  he  calls 
eerebrot,  may  be  represented  by  the  formula,  0^8®  H180 
Q26  S2  Phi*,  which  has  been  calculated  by  Berzelius.  It  is 
stated  to  be  a pulverisable  colourless  fat,  insoluble  in  ether, 
soluble  in  alcohol,  from  which  it  falls  down  by  cooling,  and 
incapable  of  being  saponified. 

A second  fat  from  the  brain  is  cerebral,  called  by  Couerbe 
el5encephoL  It  is  said  to  have  entirely  the  same  composi- 
tion as  the  following,  and  to  be  fluid,  reddish  coloured,  solu- 
ble in  ether,  but  with  difficulty  soluble  in  alcohoL 

Cephalot,  another  fat,  is  of  a dirty  yellow  colour,  soft  like 
caoutchouc,  with  difficulty  soluble  in  alcohol,  soluble  in  25 
parts  of  ether,  and  capable  of  being  converted  into  a soap  by 
alkalis.  The  composition  approaches  that  of  eerebrot.  Its  for- 
mula, as  calculated  by  Berzelius,  is  C^8®  0®®  Ph  t*. 

Stearoeenot  is  yellowish  brown,  powdery,  and  when  pure, 
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insoluble  in  ether.  According  to  the  analyses  of  Couerbe, 
its  formula,  calculated  by  Berzelius,  is  0*^ 

82  Ph. 

These  calculations  have  been  given  by  Berzelius,  merely  as 
a possible  expression  of  the  results  of  the  analyses  made  by 
Couerbe.* 

It  follows,  from  these  analyses,  that  there  is  a variable  pro- 
portion of  phosphorus  in  these  fats.  The  largest  quantity  is 
found  in  the  brain  of  lunatics,  and  the  smallest  in  those  of 
imbecile  persona 

Vauquelin  also  found  free  phosphorus  in  the  braui,  and 
not  a trace  of  it  in  the  albumen,  after  this  had  been  extracted 
with  alcohol.  From  this  it  appears,  therefore,  that  the  phos- 
phorus is  contained  in  the  fata 

According  to  Fremy,-f*  the  fats  indicated  by  Couerbe  are 
not  found  as  such  in  the  brain,  which,  besides  cholesterin,  con- 
tains two  soaps  of  soda,  of  which  the  one  is  solid,  the  other 
liquid.  He  asserts  that  the  fatty  acids  of  these  soaps  contain 
phosphorus,  but  no  sulphur.  Simon  has  confirmed  the  state- 
ment that  they  are  soaps,  for  their  alcoholic  solutions  produce 
precipitates  with  metallic  saltaj  These  two  fatty  acids  are 
called  by  Fremy  cerebrinic  and  oleo-phosphoric  acida  From 
the  latter,  olein  may  be  separated  by  means  of  acids ; the 
former  contains  09  per  cent  of  phosphoric  acid. 

The  component  parts  of  the  substance  of  the  nerves  are  the 
same  as  those  of  the  white  brain.  Vauquelin,  who  has  ex- 
amined them,  states,  that  this  substance  contains  more  albu- 
men, and  less  solid,  but  on  the  other  hand,  more  fluid  fatty 
matter  than  the  latter. 

The  ganglia  become  very  hard  by  boiling  in  water,  and 
probably  to  a certain  extent,  correspond  in  chemical  compo- 
sition with  the  grey  matter  of  the  brain,  as  they  both  con- 
tain nucleated  globules. 

• Dierljke  Schcikunde.  NedcrI.  Uitgave,  Bl.  86. 

fComptes  Rcndus,  Tom.  9,  p.  703.  Annalen  dcr  Pkarmacie,  1841,  Dd. 
40,  S.  69. 

; Med.  Anal.  Chemie,  S.  293. 
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CHAPTER  VIII. 

ABSORPTION  OF  FOOD  BY  PLANTS. 

A.  The  Food  of  Plant*. 

We  know,  that  besides  water  and  air,  animals  take  in,  by 
peculiar  organs,  other  extraneous  substances,  which  serve  to 
sustain  their  life  ; and  that  for  a great  number  of  animals 
these  substances  are  very  variable  and  different,  each  of  them 
being  at  the  same  time  of  a very  complex  nature.  With 
plants,  the  case  is  quite  different.  Simplicity  of  food  is  a 
condition  of  their  existence.  This  simplicity  regards  both 
the  number  and  the  composition  of  the  substances  which 
they  absorb.  These  substances  are  water,  atmospheric  air, 
carbonic  acid,  ammonia ; those  constituents  of  the  soil  which 
are  soluble,  such  as  ulmates,  humates,  geates,  crenatcs,  and 
apocrenates  of  lime,  magnesia,  potash,  soda,  ammonia,  oxide 
of  iron ; — and  salts,  formed  by  these  bases  wth  inorganic 
acids,  of  which  the  constituents  are  found  in  the  ash  of 
plants,  silicates  of  potash  and  soda,  sulphates,  chlorides,  phos- 
phates, and  other  compounds.* 

From  this  small  number  of  materials,  plants  prepare  that 
immense  variety  of  substances  which  can  be  separated  from 
them  by  artificial  meana 

In  order  to  acquire  some  conception  of  this  beautiful  provi- 
sion of  nature,  we  must  here  distinguish  two  things,  viz  , that 
the  substances  mentioned  must  be  taken  up  by  plants,  and 

* In  this  cnamcration  no  mention  U made  of  tlie  nitrates,  or  of  organic  sub- 
stances containing  nitrogen  in  other  forms  than  that  of  ammonia — though 
inch  compounds  arc,  I believe,  extensively  taken  up  by  piants. — J. 
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that,  being  taken  up,  they  must  be  partly  elaborated  within 
them. 

The  absorption  of  these  extraneous  matters  might  be  per- 
formed in  all  plants  through  the  same  organs,  provided  they 
all  had  roots  and  leaves  of  exactly  the  same  kind.  This, 
however,  not  being  the  case,  a considerable  difference  arises 
at  once,  as  to  the  way  in  which  this  absorption  of  food  takes 
place.  In  plants  of  different  structure,  we  find  organs,  even 
very  dissimilar,  by  which  this  absorption  is  effected. 

As  regards  the  second  point,  viz.,  the  elaboration  of  the 
same  nutritive  substances,  it  is  natural  that  the  products 
should  vary  with  the  structure,  and  vice  vena ; and,  therefore, 
that  when  there  is  a chemical  difference  in  the  substances 
that  are  obtained  by  the  analysis  of  plants,  there  must  actu- 
ally exist  a difference  in  their  structure.  A plant  which 
contains  vegetable  alkalis  (such  as  the  various  species  of  cin- 
chona), must  possess  parts  fitted  to  produce  such  a modifica- 
tion in  the  absorbed  foo<l,  as  wilt  give  cause  to  the  formation 
of  vegetable  alkalis  ; another  plant,  abounding  in  acids  (such 
as  the  species  of  Rumex),  must  possess  peculiar  parts  for 
their  production.  The  field  which  vegetable  anatomy  and 
chemistry  have  yet  to  investigate  in  this  department,  b too 
large  for  our  present  viewa  Almost  nothing  of  thb  subject 
has  yet  been  discovered. 

The  great  variety  of  products  which  are  found  in  the  vege- 
table kingdom,  cannot  be  derived  from  a difference  In  the 
substances  that  are  taken  up.  We  know,  indeed,  that  many 
plants  require  a special  soil  to  grow  luxuriantly ; but  this 
peculiarity  is  more  an  effect  of  the  difference  in  the  inor- 
ganic, than  in  the  organic  constituents  of  the  soil ; and  in 
cases  where  it  is  an  effect  of  the  latter,  we  cannot  perceive 
any  relation  between  the  composition  of  the  organic  con- 
stituents of  the  soil,  and  of  the  substances  produced  by  the 
plants.  The  lichens,  for  instance,  which  contain  but  little 
nitrogen,  require  sterile  soils,  some  even  live  upon  glass  plates ; 
whilst  the  saline  plants  require  moist  soila  In  none  of  these 
kinds  of  plants,  can  we  find  any  connection  between  their 
component  parts  and  the  organic  substances  that  must  be 
present  in  the  soil  in  which  they  grow. 
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This  manifests  itself  plainly  on  a mere  glance  at  nature 
and  her  products.  In  a botanic  garden,  where  the  most  dis- 
similar plants  may  exist  near  each  other,  the  soil  is  not  made 
up  in  a peculiar  manner  for  each  peculiar  species  or  family, 
and  in  this  artless  nature  we  see  the  Antiaris  toxicaria,  one 
of  the  most  [wisonous  of  plants,  from  which  the  Upas  poison 
of  Java  is  obtained,  surrounded  by  coffee- trees,  which  grow 
with  the  same  luxuriance  as  the  formidable  Upas  tree,  which 
far  overtops  them  (Blume  in  Rumphia).  It  is  known  to  bo- 
tanists, however,  that  there  are  some  exceptions  ; for  instance, 
the  cicuta  (water-hemlock),  which  is  edible  in  Scotland,  be- 
comes poisonous  in  a moist  soil.* 

The  chief  cause  of  this  difference  of  product,  therefore,  is 
to  be  found  in  a difference  in  the  structure  of  the  plants,  by 
which  the  most  different  substances  can  be  produced  from  the 
same  or  nearly  the  same  organic  and  inorganic  food. 

It  is  of  importance  for  us  to  consider  how  plants  take  up 
extraneous  substances,  what  are  the  causes  co-operating  with 
this  absorption,  and  by  what  organs  these  substances  are 
taken  up. 

We  have  already  stated  that  both  gaseous  and  liquid  sub- 
stances are  taken  up  by  plants ; but  among  the  former  all 
are  not  immediately  connected  with  the  nutrition  of  plants, 
properly  so  called.  It  is  true,  that  the  oxygen  of  the  air 
oxidises  a great  number  of  substances  ; for  instance,  tannic 


* This  Ktatement  of  Mulder  refers,  I believe,  to  the  experimeuts  of  Dr. 
Christison,  of  Edinburgh,  vho  ha.s  found  that  hemlock  or  dropwort  (Oenanthe 
crnciata),  a dcadl^r  poison  in  many  places,  sccm.s  innocuous  as  it  grows  near 
Edinburgh ; and  that  water-hemlock  (Cicuta  rirosa),  about  Edinburgh,  pos- 
aeaiiea  the  same  harmless  character.  Still,  even  around  Edinburgh,  it  is  not 
known  that  the  water-hemlock  is  edible  in  the  ordinary  sense  of  the  term. 

Nor  is  it  the  moisture  of  the  soil  that  causes  the  diflcrence  in  the  poisonous 
qualities  of  these  planks.  The  watcr-hcmioek  grows  only  in  moist  places,  as 
on  the  edges  of  shallow  lakes  which  are  marshy  in  summer.  The  Cicuta  must 
not  be  confounded  with  the  Conium,  which  is  a violent  poison  everywhere. 

Upon  this  very  interesting  physiological  question,  the  substance  of  Dr. 
Christison's  results  will  be  found  in  his  Treatise  oa  Pouoiis,  tth  edition,  under 
the  heads  of  Conium,  Cicuta,  .and  OenaaUie. 

An  analysis  of  the  ash  of  the  poisonous  and  harmless  vanoties  of  these 
plants,  and  of  the  waters  or  soils  in  which  they  severally  grow,  might  lead  to 
interesting  results.— y. 
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ftcid  is  often  converted  by  it  either  into  apotheme  or  into 
gallic  acid,  and  many  ethereal  oils  into  acids  or  resins  ; but 
these  remote  actions  have  no  share  in  the  nutrition  of  plants, 
although  they  are  among  the  chief  active  causes  by  which 
peculiar  vegetable  products  are  formed.  But  carbonic  acid, 
which  is  absorbed  by  the  leaves,  deserves  to  be  first  treated 
of  here.  It  enters  into  those  organs  either  in  the  state  of  gas, 
or  in  the  case  of  the  aquatic  plants  dissolved  in  water,  for  the 
purpose  of  supplying  to  plants  an  important  part  of  their 
food,  after  having  been  dissolved  in  the  juices,  and  involved 
in  the  circle  of  chemical  actions  which  take  place  there. 

Every  thing  absorbed  by  the  roots  is  ofiered  to  them  in  a 
fluid  state,  and  this  liquid  may  be  either  a solution  of  car- 
bonic acid,  or  of  organic  or  inorganic  salts  in  water. 

In  order  to  give  more  method  to  our  considerations,  we 
must  treat  of  the  parts  of  plants  that  are  concealed  under 
the  ground,  and  investigate  in  what  manner  they  can  draw 
their  nourishment  from  the  soil.  The  parts  that  have  the 
next  claim  to  our  attention,  are  those  exposed  to  the  atmo- 
sphere, for  there  are  two  ways  by  which  the  food  enters  the 
plants,  via,  through  the  roots  as  a liquid,  and  through  the 
leaves  as  gas.  We  shall,  therefore,  consider  the  nutrition  of 
plants  from  these  two  points  of  view. 


B.  The  Boot 

The  root,  or  that  part  of  the  plant  which  is  generally 
directed  downwards  into  the  soil  (or  into  the  water,  and  also 
into  the  air),  is  in  many  plants  of  a peculiar  natiu^,  by  which 
the  extraneous  substances  that  are  taken  up  must  undergo  a 
great  variety  of  changes.  Very  frequently  they  appear  as 
large  masses,  such  as  the  bulbous  or  tuberous  roots,  in  which 
the  substances,  collected  from  the  soil,  have  to  pass  through 
a great  number  of  cells,  each  filled  with  its  peculiar  matter, 
before  they  can  reach  the  stem. 

The  great  elaboration  of  the  substances  that  are  taken  up 
from  the  soil,  is,  however,  not  dependent  in  all  plants  upon 
any  positive  diflereuce  in  the  structure,  or  any  other  peculi- 
arity of  the  root  In  the  first  place,  a great  many  roots  have 
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nothing  peculiar  in  their  structure,  hut  ore  apparently  mere 
prolongations  of  the  stem  of  the  plant  In  the  second  place, 
there  are  some  plants  capable  of  being  inverted,  and  whilst  the 
roots,  placed  in  the  atmosphere,  are  converted  into  branches 
and  produce  leaves,  the  branches,  on  the  contrary,  become 
roots,  and  perform  their  functions 

A real  difference,  therefore,  of  the  influence  exercised 
either  by  the  cell-walls  or  the  contents  of  the  cells,  upon  the 
substances  absorbed  from  the  soil,  can  only  be  assumed  when 
the  roots  are  of  a peculiar  structure.  The  difference  betM  ccn 
root  and  stem  arises  from  the  difference  of  the  circumstances 
in  which  they  are  severally  placed, — the  one  in  a moist  and 
dark  place,  in  contact  with  organic  substances,  which  are 
in  a state  of  decomposition  ; the  other  elevated  into  the  at- 
mosphere, and  its  surface  exposed  to  air,  light,  and  heat 
Whatever  may  be  the  nature  of  the  roots,  they  generally 
pass  into  fibres  In  most  cases,  the  roots  divide  themselves 
more  and  more,  and  at  last  separate  into  fibrils ; but  some- 
times the  thinner  roots  are  covered  with  such  fibrils,  as  with 
hairs.  These  fibrils  are  changed,  fall  off,  and  arc  renewed 
in  the  young  roots,  which  are  the  seat  of  the  most  energetic 
vital  action.  The  extremities  of  the  roots  have  incorrectly 
been  compared  to  spongioles.  They  consist  only  of  the  root 
bark,  as  the  whole  of  the  fibres  do,  covered  with  an  epidermis, 
in  which  the  stomata  or  apertures  existing  in  the  leaves  are 
entirely  wanting.  There  is  one  peculiarity,  however,  frequent- 
ly to  be  found  in  the  epidermis  of  the  fibrils,  viz.,  that  the 
outermost  cells  are  elongated  beyond  the  surface,  and  thus 
produce  a larger  surface  for  the  absorption  of  liquid 

It  has  been  proved,  by  the  experiments  of  Ohlert,*  that 
not  only  the  extremities,  but  likewise  the  side  walls  of  the 
fibrils,  absorb  substances  from  the  soil  He  placed  plants  of 
Pisum  sativum,  Lupinus  luteus,  and  Calendula  officinalis  in 
w^ater,  so  that  the  extremities  of  their  roots  were  three  lines 
under  the  surface.  Only  the  part  of  the  roots  which  stood 
in  the  water  retained  its  form,  the  remainder  dried  up  com- 
pletely. A number  of  plants  was  placed  in  water,  in  such 

* 1837.  S. 
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u manner  that  the  whole  of  the  roots  were  immersed,  while 
the  extremities  were  above  the  surface  The  roots  continued 
to  grow,  even  when  their  extremities  were  covered  with  var- 
nish before  they  were  placed  in  the  water.  It  appears, 
therefore,  from  these  experiments,  that  the  side  walls  of  the 
roots  do  actually  absorb  moisture,  and  that  in  this  manner 
food  is  supplied  to  the  planta 

As  regards  the  other  parts  of  the  root,  the  cells  and  cell 
walls,  vessels,  &c.,  are  in  reality — with  the  exception  of  the 
pith,  which  is  generally  wanting — the  same  as  in  that  part 
of  the  plant  which  is  exposed  to  the  air.  In  most  cases 
they  are  even  more  simple  in  structure  than  in  tlie  stem. 
The  vascular  bundles  are  usually  punctated  spiral  vessels  and 
elongated  thin-walled  cells,  placed  in  bundles  together,  and 
not  divided.  Further,  all  we  know  regarding  the  chemical 
composition  of  the  stem,  and  what  we  consider  as  true 
with  regard  to  the  internal  causes  of  the  change  of  materials 
in  the  parts  of  a plant  above  the  ground,  is  equally  applica- 
ble to  the  component  parts  of  the  root  There  is  nothing 
peculiar  to  itself,  by  which  the  latter  is  characterised,  and  we 
may  state  in  general,  that  the  elementary  parts  of  the  plant 
that  are  above  the  ground,  exert  the  same  influence  upon  the 
substances  to  be  extracted  from  the  soil,  as  the  elementary 
parts  of  the  root  itself 

Hence  it  is,  that  the  general  constituents  of  plants  are 
foimd  in  large  quantities  in  the  root  In  illustration  of  this 
we  may  point  to  the  number  of  roots  containing  starch,  dex- 
trin, and  sugar,  and  of  those  possessed  of  ethereal  oils  and 
other  secondary  products.  Abounding,  as  they  do,  with 
nutritive  liquid,  they  often  reach  a high  degree  of  develop- 
ment, and  at  the  same  time  a size  proportioned  to  that  excess 
of  food. 

In  short,  the  aqueous  solution  of  the  substances  that  are 
present  in  the  soil,  which  is  absorbed  by  the  roots,  must  pe- 
netrate through  the  cell-walls  of  the  epidermis,  and  thence 
move  on  from  cell  to  cell,  and  undergo  in  this  manner 
a chemical  change,  which  is — as  regards  the  internal  causes 
originating  from  the  plant  itself — analogous  to  that  effected 
within  the  stem. 
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I must,  however,  draw  attention  to  some  differences  between 
the  root  and  the  stem  which  are  known,  and  may,  possibly, 
although  not  probably,  be  connected  with  such  functions  of 
the  elementary  organs  as  terminate  in  a mere  change  of  ma- 
terials. These  differences  are  the  following : — first,  that  roots 
never  grow  in  length  in  the  same  manner  as  the  stem  does, — 
so  that  two  places,  marked  in  adjoining  roots,  as  being  at  cer- 
tain distances  from  each  other,  have,  after  some  time,  retained 
the  same  relative  position.  Further,  with  the  exception  of  the 
so-styled  adventitious  buds,  they  have  never  buds  like  the  stems, 
and  therefore  they  do  not  grow  in  length  in  the  same  way  as 
the  latter.  Lastly,  the  difference  existing  between  the  roots 
and  stems  of  some  plants,  for  instance,  those  of  the  carrot, 
the  turnip,  &c.,  is  no  doubt  an  effect  of  the  absence  of  at- 
mospheric influences,  and  of  the  humidity  and  other  proper- 
ties of  the  soil  on  the  root 

C.  Conveyance  of  Food  through  the  Root. 

The  substances  existing  in  the  soil  in  the  state  of  liquids, 
are  absorbed  by  the  roots  by  endosmotic  action ; that  is,  the 
cells  of  the  fibrils  are  filled  with  one  liquid,  and  are  sur- 
rounded by  another,  which  is  present  in  the  soil.  The  latter 
fluid  is  less  saturated  than  the  former,  and  hence  it  pene- 
trates through  the  cell  walls  of  the  epidermis  of  the  fibrils, 
and  thus  the  former  is  diluted.  This  takes  place  especially 
in  the  very  young  cells,  which  have  either  no  epidermis  at 
all,  or  only  a very  thin  one,  and  are  always  found  at  the 
extremities  of  the  roots,  w’hich  grow  by  apposition.  From 
these  cells  the  liquid  enters  the  others,  and  so  throughout 
the  whole  of  the  plant, — all  from  the  same  cause. 

Let  us  commence  with  the  leaves.  On  their  surface  w’a 
ter  evaporates  ; the  liquid  contained  in  the  cells  of  the  leaves 
becomes  thereby  more  concentrated,  and  will  now  be  dilut- 
ed endosmotically  by  a thinner  liquid,  if  this  exists  in  the 
neighbourhood.  This  thinner  liquid  exists  in  the  adjoining 
cella  On  descending,  the  liquids  in  the  various  series  of 
cells  become  gradually  thinner,  and  thus  the  most  dilute  or 
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thinnest  of  all  is  present  in  the  cells  of  the  fibrils,  whilst  in 
the  soil  there  must  be  a still  more  diluted  liquid,  in  order 
that  it  may  be  possible  for  the  liquid  of  the  soil  to  enter  into 
the  roots,  and  for  the  liquid  in  the  root  to  ascend  into  the 
plant. 

Thus  there  is  a close  connection  between  the  absorption  of 
.saps  from  the  soil  through  the  root,  and  their  ascent  into  the 
plant.  Both  are  to  be  ascribed  to  one  common  cause. 

Hence  it  appears  that  the  growth,  the  ascent,  and  the  ab- 
sorption of  nutritive  matter  from  the  soil,  depend  on  the 
evaporation  from  the  leaves  ; and  moreover,  that  only  very 
dilute  solutions  can  be  taken  up  by  plants.  Finely  divided 
substances,  even  those  by  which  liquids  are  coloured,  are  gene- 
rally not  transmitted  through  the  cell  walls  of  the  fibrils.  No 
substance,  therefore,  can  enter  from  the  soil  into  the  plant, 
unless  in  a state  of  perfect  solution.  But  the  solution  being 
once  perfect,  the  plant  makes  no  selection,  excludes  nothing, 
but  takes  up  everything  according  to  the  action  of  endos- 
mose,  provided  only  it  has  no  destructive  efiect  upon  the  cell 
walls  of  the  fibrila  (See  Poisons  of  Plants.) 

It  is  known,  however,  that  from  mixed  solutions  of  certain 
salts,  plants  take  up  some  in  larger  proportions  than  others. 
This  is  a remarkable  fact,  and  it  has  been  represented  in  such 
a way,  as  if  plants  made  a selection ; as  if  they  absorbed  those 
constituents  which  are  adapted  to  their  nourishment,  and 
excluded  such  as  are  noxious  to  their  organism.  This  idea, 
by  which  plants  are  elevated  to  the  rank  of  selecting  beings, 
is  not  worthy  of  refutation.  When,  in  the  intestines  of  some 
animals,  certain  substances  are  taken  up  and  others  excluded,  * 
this  is  simply  an  effect  of  the  same  cause  which  operates  in 
plants,  viz.,  that  some  substances  possess  a higher  capability 
of  endosmotic  absorption  with  reference  to  the  membranes 
by  which  this  selection  seems  to  be  made,  than  others.  The 
same  is  the  case  with  plants.  The  extremities  of  the  roots  of 
different  plants  have  a different  power  of  endosmose ; and  it 
is  for  this  reason,  that  by  all  plants  the  same  substances  are 
neither  taken  up  nor  excluded.  But,  on  the  other  hand,  the 
same  extremities  of  a root  have  a different  endosmotic  power 
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for  different  substances,  as  is  the  case  with  every  membrane 
with  which  experiments  on  endosmose  are  made. 

It  is  as  true,  therefore,  that  there  is  a molecular  relation 
between  the  membranes  that  do  or  do  not  transmit,  and  the 
substances  that  are  or  are  not  transmitted, — as  it  is  an  incor- 
rect idea,  that  either  roots  of  plants  or  intestines  of  animals 
should  have  the  power  of  sdection.* 

* The  reader  will  observe  that  Alulder'a  rcaaouiug  in  thin  and  the  |ircceding 
page,  is  directed  in  reality  more  against  the  term  seUctintj  poiver,  than  against 
the  eiUtcuce  in  the  root  of  a power  or  property  which  has  been  so  named  in 
popular  language.  I have  myself  used  that  term  in  my  published  Lechira  on 
AyricuUurai  ChemUtry  and  Oeoloyy,  not  as  implying  that  anything  like  the 
power  of  animal  volition  existed  in  the  root,  but  as  most  readily  explaining,  to 
the  general  reader,  the  actual  result  of  the  mutual  actions  of  the  root  and  tho 
various  substances  it  meets  with  in  the  soil.  That  tho  wheat  stalk  contains 
mnch  silica,  while  that  of  the  bean  growing  beside  it  contains  almost  none, 
implies  that  the  one  plant  has  taken  up  from  the  same  soil  much  silica,  while 
the  bean  has  left  it  behind  it — popularly,  that  the  wheat  has  chosen  or  selected 
the  silica,  while  the  hean  has  rejected  it.  It  seems  hardly  worth  arguing  against 
the  use  of  such  popular  expressions  in  writings  intended  for  general  perusal, 
though  it  is  very  desirable  that  the  true  mode  by  which  the  result  is  brought 
about  should  be  investigated  by  physiologists. 

Mulder's  ideas,  based  upon  those  of  Dutrochet,  arc — 

1*  That  the  cell-walls  through  which  liquids  enter  into  the  roots  of  plants 
act  like  membranes,  and  absorb  or  transmit  in  either  direction  anyfluid  with 
which  they  are  brought  in  contact,  provided  it  be  not  of  such  a nature  as  ac- 
tually to  iqjnrc  or  act  chemically  upon  the  cell-walls  themselves. 

2*  That  the  liquid  contained  in  the  interior  of  a plant  tends  to  an  equili- 
brium or  identity  in  every  respect,  chemical  and  physical,  with  the  liquids  in 
the  soil  and  in  immediate  contact  with  the  roots. 

S”  That  the  evaporation  from  the  surface  of  the  leaves  and  stems  of  a plant 
renders  the  fluid  in  the  plant  more  dense,  and  thus  causes  a constant  current 
of  liquid  inwards  from  the  soil,  and  at  the  same  time  a tendency  outwards  of 
some  of  the  excess  of  saline  matter,  which  by  this  evaporation  has  been  caused 
in  the  plant. 

4*  That  the  constant  formation  of  new  parts  in  the  growing  plants  in  which 
certain  inorganic  substances  are  contained  and  fixed,  lessens  the  proportion  of 
the  inorganic  substances  thus  taken  up,  as  compared  with  that  of  the  others 
which  are  present  in  the  sap  and  in  the  watery  solutioiu  near  the  roots.  To 
supply  this  failing  proportion  a larger  comparative  quantity  of  these  special 
substances  enters  the  roots,  simply  because  the  tendency  is  to  an  equality  both 
in  composition  and  in  density  on  either  side  of  the  cell-walls  which  separate  the 
interior  of  the  plant  from  the  external  soil. 

S'  But  though  the  cell-wall  is  thus  said  to  have  no  special  action  of  its  own 
— it  is  admitted  that,  iikeail  membranes,  it  tnmsmits  some  substances,  or  that 
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In  plants,  however,  the  saps  ascend  in  a peculiar  manner, 
which  appears  tube  different  from  the  motion  of  the  liquids  in 
animals,  and  this  peculiar  kind  of  motion  has  induced  some  to 
form  false  conceptions.  When  poisonous  substances  are  given 
to  any  animal,  the  intestines  absorb  but  a small  part  of  them, 
and  in  general,  this  part  is  smaller  in  proportion  as  the  sub- 
stance is  more  poisonous.  But  the  case  is  different  with 
planta  They  may  sometimes  take  up  a large  quantity  of 
substances  that  are  entirely  unfit  for,  nay,  poisonous  to  them. 
This  could  not  be  made  to  agree  with  the  above  j)ower  of  se- 
lection, and  it  was  thought,  therefore,  that  the  absorbing  or- 
gans of  the  roots  were  destroyed  by  the  poison,  and  then  by 
capillary  action  the  liquids  were  taken  up  through  open  tubes, 
and  conveyed  through  the  plant 

Vogel*  has  endeavoured  to  refute  this  assumption,  by  show- 
ing that  plants  in  their  natural  state  do  actually  take  up  poi- 
sons, without  their  roots  having  received  any  injury.  He 
saw  them  absorb  salts  of  peroxide  of  copper,  which  were,  at  the 
same  time,  converted  into  salts  of  the  protoxide.  They  fur- 
ther absorbed  chloride  of  magnesium,  sulphate  of  magnesia, 
nitrate  of  potash,  iodide  of  potassium,  sulphate  of  zinc,  ni- 
trate of  nickel,  nitrate  of  cobalt,  acetate  of  lead,  sulphate 
of  protoxide  of  manganese,  and  bichromate  of  {>otash.  Salts 
of  mercury  and  silver  were  also  absorbed,  and  the  oxides 


some  subetances  pass  through  it  more  easily  and  in  greater  abandanre  thaa 
others,  so  that  potash  or  silica  may  enter  more  easily  and  almndantly  than 
soda,  lime,  or  alumina ; that  is  to  say,  that  the  membranes  hare  the  property 
of  excluding,  to  a greater  or  less  extent,  certain  substances  which  are  pre- 
sented to  them,  and  of  admitting  others.  Put  a sea  weed  in  salt  water,  and  in 
virtue  of  this  property  it  takes  up  potash  and  phosphoric  acid  in  &r  greater 
proportions,  compared  with  the  common  salt,  than  they  exist  in  the  sea  water. 

This  supposed  projwrty  of  the  cell-walls  is  in  cQect  that  which  has  beea  dis- 
tinguished as  the  selecting  power  of  the  roots.  Those  who  assent  entirely  to 
this  doctrine  of  endosmose  may  think  it  more  correct  to  speak  of  the  speeial 
endosmotic  power  of  this  and  that  root,  as  being  the  cause  of  the  special  na. 
ture  and  proportion  of  the  inorganic  compounds  which  are  found  in  the  plant 
to  which  it  belongs  ; but  I doubt  if  the  general  reader  will  so  clearly  under- 
stand the  mode  of  action  when  clothed  in  this  phraseology,  as  when  it  it  sim- 
ply described  as  a quati  power  of  selection. — J. 

* Erdmann  und  Marchand's  Jonm.  Bd.  25,  S.  209, 
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reduced  to  the  metallic  state.  Corrosive  sublimate  was  ta- 
ken up  either  unchanged  or  reduced  to  calomel.  All  these 
salts  hatl  the  effect  of  killing  the  plants.  In  connection  with 
these  experiments,  a great  many  others  might  be  quoted 
which  have  all  given  similar  results. 

The  only  conclusion  that  can  be  drawn  from  all  this  is, 
that  under  certain  circumstances,  both  poisonous  and  harm- 
less substances  are  taken  up  by  plants  ; but  this  conclusion 
might  have  been  long  ago  arrived  at  from  known  facts.* 

The  injurious  action  of  a variety  of  substances  upon  plants 
has  been  proved  by  experiments  of  Goeppert'f'  This  action 
is  such  that  it  must  be  called  poisonous,  like  the  correspond- 

» Trinchinetti  has  publisbeJ  a number  of  experiments  (Bibl.  Univ.  Nov. 
1843,  p.  346)  regarding  the  power  of  uninjured  fibrils  to  absorb  solutions  of 
salts.  He  saw  plants  take  up  dilute  solutions  of  the  following  salts,  viz. prus- 
siate  of  potash,  nitre,  chloride  of  sodium,  sulphate  of  copper,  acetate  of  lead, 
chloride  of  barium,  iodide  of  potassium,  sulphate  of  potash,  sulphate  of  zinc, 
sulphate  of  magnesia,  alum,  nitrate  of  lime,  chloride  of  ammonium,  traces  of 
limewatcr  and  arsenious  acid  ; but  little  iodide  of  potassium  ; and  of  corrosive 
sublimate  and  nitrate  of  silver,  nothing  at  all.  From  a mixture  of  two  salts, — 
common  salt  and  nitre,  for  instance, — different  proportions  are  taken  up. 
Neither  starch,  sugar,  infusion  of  quassia  amara,  nor  colouring  matters  were 
taken  up.  Uumate  of  potash  was  absorbed,  but  decomposed  in  the  root.  He 
could  not  find  it  in  the  plant. 

With  regard  to  Trinchinetti's  remarks,  as  to  the  different  proportions  of  two 
very  soluble  salts  which  a plant  takes  up  from  a mixture  of  the  two, — a fact 
that  has  been  frequently  observed  before, — we  must  remark  in  our  turn,  that 
the  remote  constituents  of  the  plant  can  only  have  an  indirect  part  in  this  ac- 
tion, and  that,  therefore,  no  power  of  selection  can  be  ascribed  to  the  plant  as 
an  individual.  This  difference  depends,  first,  on  the  structure  of  the  cell  wall 
of  the  fibrils  which  transmit  the  one  or  the  other  solution  with  more  or  less 
difficulty;  secondly,  it  depends  on  the  formation  of  certain  constituents 
within  the  plant,  for  instance,  in  the  fruit  of  cerealia  much  phosphate  of 
lime  is  deposited ; this  salt,  conveyed  with  the  juices  of  the  plant,  is  secreted 
from  italong  with  the  albumen,  consequently  the  juices  being  deprived  of  part 
of  this  salt,  have  it  again  supplied  from  the  soil,  according  to  the  laws  of  endos- 
moee.  In  so  far  the  production  of  new  substances  is  connected  with  this  so- 
called  selective  power  of  plants.  If  it  were  possible,  that  after  a mixed  solu- 
tion of  sulphate  of  soda  and  nitre  had  partly  been  transmitted  endosmotically 
through  a membrane,  the  one  were  immediately  removed  from  the  solution,  it 
would  be  transmitted  in  larger  proportion  than  before. 

t Vers,  zur  BefSrdemng  dee.Gartenbaues  in  Freussen,  Bd.  6.  The  experi- 
ments of  Bonchardat  (Comptes  Bendus,  1848,  p.  112,)  may  also  be  consulted. 
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ing  one  in  animals.  This  shows  that  the  action  of  poisons 
upon  plants  and  animals  is  to  be  regarded  as  an  ordinary  ac- 
tion of  matter  upon  matter ; of  which,  however,  the  influ- 
ences upon  the  organism  differ  with  its  structure,  and  with 
the  substances  of  which  it  is  composed.  It  is  therefore  en- 
tirely different  in  different  organic  bodies.  Those  differences 
appear  even  in  diflTerent  individuals  of  the  same  species,  in- 
asmuch as  they  experience  different  eflfects  from  the  same 
poison.  They  become  gradually  greater  between  different 
species,  genera,  or  tribes,  and  are  greatest  in  the  different 
kingdoms  of  Nature. 

The  fact,  that  plants  may  be  poisoned  by  the  same  sub- 
stances which  have  an  injurious  effect  upon  animals,  does 
not  by  any  means  indicate  that  a certain  principle — the  so- 
called  vital  principle — is  attacked,  but  merely  that  the  poi- 
sonous substance  produces  a change  in  the  condition  of  the 
substance  of  which  the  plant  consists.  Let  us  assume,  for  in- 
stance, that  a salt  of  lead  is  absorbed  by  a plant.  This  salt 
cannot  enter  any  cell  without  rendering  the  albumen  solid, 
thus  making  a connexion  with  its  constituents  impossible,  and 
%vherever  this  takes  place,  every  action  within  the  cells  must 
cease.  The  transmission  of  the  liquids  from  the  root  up- 
wards becomes  obstructed  ; and,  in  consequence  of  this,  the 
change  of  materials  in  most  parts  of  the  plant  is  in  danger 
of  being  arrested.  In  other  words,  the  plant  is  affected  with 
disease  and  dies,  unless  this  cause  can  be  removed. 

Other  substances,  again,  may  produce  disturbances  in  the 
constituents  of  plants  of  a different  kind  from  that  of  the 
lead  salt.  It  will  always  be  a modification  of  the  change  of 
materials,  and  not  an  attack  upon  the  so-called  vital  princi- 
ple, which  has  in  this  case  again  been  assumed  for  the  sake 
of  explanation.  Even  when  the  sensitiveness  of  the  Mimosa 
pudica  is  destroyed  by  narcotic  substances,  the  same  view  of 
the  matter  holds  good. 

We  further  learn,  from  what  we  observe  in  the  poisoning 
of  plants,  that  in  animals  the  nerves  have  no  other  part 
in  the  action  of  the  poison  upon  the  organism,  than  that 
of  transmitting  its  influence.  To  assume  that  an  action  is 
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exercised  upon  the  nerves  themselves,  is  wrong;  and  we 
ought,  therefore,  not  to  proceed  from  this  point  in  consider- 
ing the  influence  of  poisonous  substances  upon  animals. 
Plants  have  no  nerves,  and  yet  they  are  also  capable  of  being 
poisoned. 

The  effects'  of  poisons  on  plants  are  more  difficult  to  be 
observed  and  determined  than  on  animals.  Plants  do  not 
die  suddenly,  but  gradually.  It  is  difficult  to  say  with  cer- 
tainty when  their  death  commences,  and  when  it  is  com- 
pleted. When,  therefore,  they  die  by  means  of  poison,  we 
find  many  difficulties  in  attempting  to  make  a comparison 
between  the  poisonous  action  of  different  substances  upon 
plants  of  the  same  species  or  genus. 

Miguel*  submerged  cut  plants  in  pure  water,  and  at  the 
same  time  other  specimens  of  the  same  in  solutions  of  am- 
monia, acetate  of  lead,  prussiate  of  potash,  camphor,  laurel 
water,  watery  extract  of  opium,  and  extract  of  hyoscyamus, 
and  found  these  different  substances  poisonous  to  a great 
number  of  planta  Opium,  hyoscyamus,  laurel  water,  and 
other  poisons,  which  are  said  to  act  upon  the  nervous  system 
in  animals,  kill  the  plants  as  well  as  sugar  of  lead,  which  is 
said  to  act  chemically  upon  the  animal  organism  ; that  is,  to 
form  insoluble  compounds  with  constituents  of  the  body.  A 
species  of  hyoscyamus  died  sooner  in  extract  of  opium  than 
in  extract  of  hyoscyamu.s.  Schiibler  and  Zeller  even  found 
that  narcotic  extracts  introduced  into  the  plants  by  means 
of  incisions  had  the  effect  of  killing  them. 

The  first  appearances  presented  by  a poisoned  plant  are 
the  following.  Its  power  of  absorbing  liquids  diminishes,  the 
petals  and  branches  become  pale,  the  grey  and  other  coloured 
parts  are  decolorised,  and  after  this  there  appear  positive 
signs  of  approaching  death,  that  is,  of  a disturbance  of  the 
harmony  of  the  several  organs,  terminating  in  an  entire  de- 
struction of  that  harmony,  or  the  discontinuance  of  every 
normal  function.-|- 

* Bulletin,  1838,  pp:  137  and  160. 

f On  the  anbject  of  the  absorption  of  mineral  poisons  by  plants  placed  in  an 
ordinary  soil,  may  he  read, — Verver,  in  dissertatione,  qua  inquiritnr  num  pob- 
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That  the  roots  of  plants  excrete  salts  which  the  plants  do 
not  require,  has  not  been  proved  by  one  single  experiment ; 
the  result  of  that  made  by  Princep  with  acetate  of  lead  was 
owing  merely  to  exosmotic  action.*  I would  pass  it  over  in 
silence,  if  it  did  not  appear  to  me  to  result  from  the  known 
phenomena  of  endosmose,  that  no  entrance  of  solid  sub- 
stances into  the  roots  can  take  place,  unless  these  are  ex- 
changed for  outgoing  substances.  Not  one  phenomenon  of 
endosmose  can  be  quoted,  of  which  an  equal  density  of  the 
exchanging  liquids  is  not  the  final  result,  and  where  there 
is  not  invariably  an  exchange  in  two  opposite  directions.  It 
appears  to  me,  that  the  fibrils,  when  absorbing  the  liquid 
from  the  soil  by  endosmose,  must  at  the  same  time  exchanoe 
their  constituents  with  those  of  the  soil.  In  this  manner, 
therefore,  but  not  in  the  sense  of  excretion,  the  roots  may 
actually  Impart  substances  to  the  soil.'f'  The  descent  of  sub- 
stances from  the  leaves  to  the  stem,  and  from  thence  to  the 
root,  which  can  now  no  longer  be  denied,  has  strengthened  the 
probability  of  this  supposition,  viz.,  the  endosmotic  exchange 
of  the  constituents  of  plants  both  mutually  and  with  those  of 
the  soil.  If,  however,  such  an  exchange  does  take  place,  this 
must  be  in  a very  slight  degree,  because  the  liquid  of  the  ex- 
tremities of  the  fibrils  contain.^  but  a very  small  proportion 
of  solid  substances.]; 


licie  sanitaU  nocere  pofuinl  venena  metallica,  quibiis  conserantur  a^ri,  ad  occj. 
denda  animalia  nociva,  Qroningse,  1841.  It  appears  from  experiments  made 
b;  Verrer,  that  small  quantities  of  metallic  poisons  arc  retained  in  the  soil,  and 
do  not  enter  into  the  plants,  with  the  exception,  however,  of  salts  of  copper  and 
iron. 

* The  opinion,  first  put  forward  b;  Brugmans,  and  afterwards  by  Dc  Can- 
dolle, which  had  been  verified  by  Macairc  I’rincep,  viz.,  that  plants  excrete 
through  their  roots  certain  substances  which  can  be  injurious  to  some  plants, 
has  been  negatived  by  experiments  of  Braconnot  (.\niialcs  dc  Chcmic  et  de 
Physique,  tome  62,  p.  83.)  According  to  the  latter,  these  noxious  excretions 
of  plants  have  no  existence,  and  Princep  appears  to  have  been  in  error. 

See  note,  p.  623. 

J Kayney  has  observed  (L'lnstitut.  1844,  N.  551),  that  a great  number  of 
plants  absorb  much  more  water  when  placed  in  pure  water,  than  when  in  weak  * 
solutions  of  diflerent  substances.  In  the  latter  ease,  the  portion  which  has  not 
been  absorbed  has  the  same  specific  gravity  as  the  whole  quantity  had  before 
the  experiment. 
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D.  The  Inorganic  Food  of  Plants. 

Among  the  nutritious  substances  that  are  indispensable  to 
plants,  the  inorganic  constituents  of  the  soil  have  an  equal 
right  to  be  reckoned  as  the  organic  constituents,  including 
carbonic  acid,  water,  and  ammonia. 

These  inorganic  substances  are  derived  not  from  the  rain- 
water, which  contains  so  little  solid  matter,  and  which  is  espe- 
cially deficient  in  that  which  exists  in  plants,  but  from  the 
decayed  rocks,  from  which  the  powdery  soil  has  been  formed, 
and  from  which  they  are  dissolved  out  by  the  rain-water.  Some 
of  these  are  found  in  ordinary  river-water ; more,  however, 
in  water  which  has  passed  through  strata  of  the  earth,  and 
which  is  known  by  the  name  of  spring-water.  Pliny  of  old 
has  justly  remarked,  “ tales  sunt  aquae,  qualis  terra  per  quam 
fluunt.” 

This  water,  which  penetrates  all  decayed  rocks,  and  there- 
fore all  soils,  in  manifold  directions,  is  supplied  to  plants 
through  their  roots. 

The  depth,  however,  at  which  this  water  is  in  a state  of 
equilibrium,  is  generally  too  great  to  admit  of  being  reached 
in  mass  by  the  roots  of  herbaceous  plants.  The  level  of  the 
water  in  the  earth  is  in  many  places  situated  very  deep, 
most  frequently  at  least  some  feet  below  the  surface.  These 
plants,  therefore,  would  at  first  view  seem  to  live  chiefly  by 
means  of  the  rain-water,  with  which  the  upper  layers  of  the 
earth  are  moistened. 

If  this  were  the  case,  the  vegetable  kingdom  would  be  in  an 
unhappy  condition  indeed,  for  the  rain-water,  falling  upon 
the  surface  of  the  earth,  enters  there,  washes  out  the  upper 
layers,  and  sinking  deeper,  carries  along  with  it  a large  por- 
tion of  the  soluble  salts.  If,  therefore,  no  other  cause  were 
in  operation  to  counteract  this  one,  short-rooted  plants  could 
not  obtain  the  inorganic  constituents  which  are  necessary  to 
.their  existence. 

Nature  has  provided  for  this  in  the  following  manner. 
Soils  always  contain  at  a certain  depth  collections  of  spring 
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water.  This  water  holds  in  solution  a variety  of  salts  which 
are  necessary  to  plants,  and  among  them  are  also  those  salts 
which  have  been  washed  out  by  the  rain-water  from  the  up- 
per layers. 

In  dry  weather  the  surface  of  the  soil  gives  off  by  evapo- 
ration nearly  pure  water.  By  capillary  action  the  dried  upper 
layers  are  again  supplied  by  those  below  with  water  contain- 
ing various  salts.  From  this  weak  solution  pure  water  is 
again  separated  by  evaporation,  and  is  again  replaced  by  water 
containing  salta  By  this  repeated  process  the  salts  of  the 
water  that  was  raised  by  capillary  attraction,  remain  behind 
in  the  upper  layers  of  the  soil,  and  are  abundantly  supplied 
to  the  roots,  even  though  the  water  under  ground  may  hold 
only  few  salts  in  solution. 

It  is  in  this  manner, — by  capillary  attraction  and  evapora- 
tion,— that  the  salts  which  had  been  washed  out  by  the  rain 
from  the  upper  layers  of  the  soil,  are  again  restored. 

Plants  obtain  in  this  way  chlorides,  sulphates,  and  carbon- 
ates of  lime,  magnesia,  potash  and  soda,  and  also  silicate  of 
potash,  but  the.se  are  not  the  whole  of  the  salts  that  are  found 
in  plants.  In  rye  and  a great  many  other  plants  there  is  a 
large  quantity  of  phosphates.  These  are  not  found  in  the 
water,  and  rye  cannot,  therefore,  grow  luxuriantly,  unless  it 
finds  these  indispensable  constituents  in  the  soil  Phosphate 
of  lime  is  actually  present  in  many  fertile  clay  soils,  and  if  it 
be  wanting,  it  is  effectually  added  to  the  soil  as  a true  manure. 
It  needs  no  argument  to  prove  that  the  fertility  of  soils,  in 
which  plants  are  cultivated  that  contain  much  phosphates, 
without  which  they  cannot  live,  depends  on  the  proportion  of 
phosphates  contained  in  the  soil.* 

The  salts  which  must  be  supplied  to  the  roots,  are  not  mere- 
ly those  which  constitute  the  inorganic  constituents  of  plants. 
Almost  all  plants  contain  bases  combined  with  neutral  or- 
ganic substances,  for  gum  and  mucilage  always  occur  in  com- 
bination with  lime.  Besides,  there  are  a great  many  plants 

• Fownca  (Ann.  de  Chcm.  et  de  Phye.  Mars  1S45,  p.  377)  found  that  toI- 
eanic  rockf*,  such  as  trachyte,  basalt,  lava,  always  contain  phosphoric  acid. 
This  is  of  importance,  and  out^ht  to  be  more  carefully  investigated. 
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with  organic  acids,  which  require  bases  to  exist  in  those  plants. 
Acids  are  seldom  found  in  a free  state  there,  unless  we  count 
as  such  the  half  of  the  oxalic  or  tartaric  acid,  which  arc 
only  combined  with  water,  and  are  found  as  such  in  the  salt 
of  sorrel  (oxalate  of  potash  with  oxalate  of  water),  and  in 
cream  of  tartar  (tartrate  of  potash  with  tartrate  of  water). 
Tannic  acid,  however,  and  a few  others,  are  present  in  a free 
state,  probably  because  they  could  find  no  bases  to  combine 
with,  having  been  formed  in  places  where  none  existed. 

The  potash  of  these  two  salts — salt  of  sorrel  and  cream  of 
tartar — has  plainly  been  extracted  from  the  soil,  and  the 
same  remark  applies  to  all  the  organic  .salts  of  plants  con- 
taining inorganic  bases. 

These  bases, — potash,  soda,  lime,  and  magnesia — are  very 
difierently  distributed  among  the  different  parts  of  the  same 
plant,  and  their  presence  is  evidently  connected  with  the 
functions  of  the  parts  in  which  they  are  found  in  greater  or 
less  projiortlon. 

We  may  ask,  in  what  state  arc  these  bases  conveyed  into 
plants, — as  organic  salts, — ulmates,  humates,  geates,  apocre- 
uates,  and  crenates — (see  p.  165),  or  as  sulphates,  carbonates, 
and  chlorides? 

This  question  may  be  answered  as  followa  In  the  first 
place,  nearly  all  plants  contain  organic  substances  in  which 
sulphur  is  present,  viz.,  albumen  and  gluten.  This  sulphur 
can  only  have  been  derived  from  the  decomposition  of  sul- 
phuric acid,  and  the  latter  again  from  sulphates.  Sulphates, 
therefore,  can  be  decomposed  and  yield  sulphur,  and  the  base 
of  the  sulphate  being  set  at  liberty,  may  enter  into  combina- 
tion with  some  organic  acid  within  the  plant,  for  instance, 
aconitic  or  quinic  acid,  &c.  Now,  as  these  substances  con- 
taining sulphijr — albumen  and  gluten, — are  universally  pre- 
sent in  plants,  the  decomposition  of  the  sulphates  and  libera- 
tion of  their  bases  is  universal  also. 

But  there  is  still  another  source  of  free  bases.  Some  of  the 
protein  compounds  in  plants  contain  free  phosphorus.  This 
indicates  the  decomposition  of  phosphoric  acid  separated  from 
phosphates,  and,  consequently,  the  liberation  of  their  bases, 

2 D 
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which  ore  thus  left  to  enter  into  combination  with  oi^oic 
basea 

There  is  no  reason  for  assnming  a decomposition  of  chlo- 
rides in  plants.*  It  is,  however,  worthy  of  remark,  that  in 
sea  and  coast  plants,  and  some  animal  productions  in  seas 
and  on  shores,  iodine  does  occasionally  exist  in  the  state 
of  an  organic  elementary  substance.  In  spunge,  for  in- 
stance, iodine  is  found  combined  with  carbon,  hydrogen,  ni- 
trogen, and  oxygen,  in  the  same  way  as  sulphur  is  in  albumen. 

But  we  may  assume  as  certain,  that  carbonates  are  decom- 
posed in  plants.  When,  for  instance,  oxalic  acid  exists  ready 
formed,  it  will  decompose  any  carbonate  that  is  present,  ex- 
pelling the  carbonic  acid,  and  combining  with  its  base.  But 
it  appears  also,  from  the  experiments  of  Draper,  that  carbon- 
ates are  directly  decomposed  by  plants.  Whenever,  therefore, 
a free  acid  is  produced,  the  carbonates  that  are  present  must 
lose  their  acid ; and  on  the  other  hand,  whenever  a carbonate 
is  decomposed  by  the  plant  through  the  action  of  light,  an 
alkali  is  set  free,  and  there  is  an  opportunity  for  the  produc- 
tion of  an  alkaline  salt  containing  an  organic  acid. 

If  we,  moreover,  consider  that  the  roots  of  plants  abeoib 
silicate  of  potash  or  soda,  and  that  the  acid  of  these  plants  is 
in  several  places  separated,  and  potash  or  soda  set  free ; — 
further,  that  humates,  ulmates,  geates,  apocrenates,  and  cre- 
nates  of  potash,  soda,  magnesia,  lime,  and  iron,  enter  into 
plants,  and  that  immediately  after  they  have  done  so  the 
organic  acids  of  these  salts  are  decomposed ; — we  perceive 
that  there  ore  abundant  sources  for  the  liberation  of  inor- 
ganic bases,  which  may  combine  within  the  plants  with  ve- 
getable acids  as  they  are  formed,  and  also  with  neutral  vege- 
table substances,  such  as  gum,  mucilage,  dextrin,  pectose,  cel- 
lulose, incrusting  matters,  cuticular  matter,  Szc. 

As  a result,  therefore,  of  the  well-known  decomposition 
of  sulphates,  phosphates,  carbonates,  silicates,  ulmates,  hn- 

* Chlorine  has  been  obaerred  to  be  given  o(T  bjr  the  leave*  of  plaata.  1 
difler  from  Mulder  alao,  in  thinking  that  there  ia  mneh  reason  to  believe  that 
common  aalt  (chloride  of  aodinm)  ia  decomposed  by  plants.  See  mj  Lttimrtt 
on  AgriatUural  Chemiatry  and  Otology,  2d  edition,  p.  1ST. — J. 
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mates,  geates,  apocrenates,  and  crenates,  in  plants,  inorganic 
bases  are  liberated,  which  may  combine  with  organic  acids 
that  may  be  formed,  and  produce  salts  of  potash,  soda,  lime, 
magnesia,  oxide  of  iron  and  oxide  of  manganese.  Some  of 
these  bases  may  occasionally  replace  each  other  in  whole  or 
in  part  Thus  soda’  may  be  replaced  by  potash,  ammonia  by 
soda,  or  vice  rerta,  and  magnesia  by  lime.  The  chemical 
properties  of  these  bases  are  very  analogous,  and,  therefore, 
when  they  exist  in  a soil,  there  are  plants — not  all  plants, 
however — which  take  the  one  instead  of  the  other. 

It  is  well  known  that  there  are  limits  to  this  exchange  of 
hase&  Plants  on  the  coast  which  require  soda,  do  not  grow 
in  soils  containing  potash  but  no  soda  And  although  we 
may  be  able  by  cultivation  to  accustom  plants  to  a certain 
difference  in  this  respect,  it  is,  nevertheless,  most  improbable 
that  a plant,  after  having  taken  up  bases  that  are  quite  dif- 
ferent from  those  which  are  originally  peculiar  to  it,  should 
preserve  its  original  chemical  character.  The  seed  of  the 
tobacco  plant  from  Uavannah,  when  transplanted  to  Jax>a, 
produces  tobacco  a]>proaching  to  that  from  the  Havannah  ; 
but  even  the  first  seed  sown  in  Java  yields  a produce  which 
differs  to  some  extent  from  the  Havannah  variety,  and  after 
the  seed  has  been  collected  and  again  sown  several  times,  the 
Havannah  tobacco  degenerates  at  last  into  Java  tobacco.  The 
only  reason  of  this  must  be  the  difference  of  the  bases  exist- 
ing in  the  several  soils  of  Havannah  and  Java. 

It  has  always  been  thought  that  the  difference  between 
cultivated  and  wild  plants  was  to  he  ascribed  to  an  excess  of 
food,  which  is  supplied  to  the  fonner.  There  is  no  doubt 
that  this  is  the  cause  to  a certain  extent ; but  we  ought  to 
r^ard  as  an  additional  cause  the  difference  in  the  inorganic 
constituents  of  the  soil 

Although  it  may  be  true,  therefore,  that  some  bases  re- 
place each  other  in  plants,  this  does  not  at  all  imply  as  a 
certainty  that  the  plants  thereafter  retain  their  character 
unchanged,  and  exhibit  the  same  properties  and  the  same  or- 
ganic constituents.  Experience  shows  that  the  reverse  is  the 
case,  for  there  is  a considerable  difference  between  the  bases 
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of  plants  of  diflPerent  qualities,  Ijoth  in  regard  to  their  use  as 
food  and  in  pharmacy.* 

No  sufficient  distinction  has  yet  been  drawn  as  to  which 
bases  exist  in  the  solid,  and  which  in  the  liquid  parts  of  the 
plant.  And  yet  such  a distinction  would  be  of  great  import- 
ance. The  expression  m the  plant  is  crude  and  rague.  The 
solid  parts  of  a plant  are  very  different  in  nature  and  pro- 
perties ; and  hence  again  the  expression,  i»  the  tolid  parts 
of  the  plant,  is  un-scientifi&  In  this  respect  science  has 
hitherto  done  almost  nothing. 

It  would  indeed  be  a marvellous  coincidence  of  innume- 
rable different  circumstances,  if  there  were  really  such  a re- 
lation between  the  bases  which  are  found  in  the  same  species 
of  plant,  cultivated  on  different  soils,  that  the  quantity  of 
oxygen  in  the  bases  was  always  constant.  Liebig  thinks 
that  this  is  actually  the  case,  but  it  requires  no  proof  that 
this  can  only  happen  by  accident.  We  might  supjKise  frv>m 
general  principles,  that  the  quantities  of  oxygen  are  aliout 
the  same  in  the  same  plants  ; but  it  follows  from  the  analyses 
that  have  been  made  in  investigation  of  this  point,  that  this 
relation  can  only  be  held  as  aj'proximately  true  ; and  I do 
not  consider  it  as  a rule  worthy  to  be  received  in  science!, 
“ that  the  proportion  of  oxygen  in  all  the  alkaline  bases 
taken  together  is  unchangeable  in  all  circumstances — uf>on 
whatever  soil  they  may  grow."  Neither  has  this  rule  been 
confirmed  by  experience.  (See  hereafter.) 

In  the  analyses  that  have  hitherto  been  made,  the  salts  of 
all  the  organs  of  the  plants,  that  is,  of  the  contents  of  the 
cells,  &c.,  have  been  analysed  together,  and  therefore  no 
greater  accuracy  has  been  arrived  at  than  can  l*e  attained  by 
experiments  in  mats,  which  must  necessarily  always  give  but  a 
certain  approximation.  But  besides,  the  ammonia  is  not  to  be 
overlooked,  for  this  is  an  important  base,  which  may  un- 
doubtedly replace  the  potash  and  soda  of  the  food  and  riot 
versa;  it  must,  therefore,  have  the  greatest  jjossible  influence, 

* Unger  has  cla&sificd  plants  according  to  the  inorganic  consUtoenu  vht^ 
they  take  up  from  the  soil. 
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both  on  the  quantity  of  the  solid  bases  that  have  entered 
into  the  plant,  and  upon  their  products  within  the  plant. 

The  analyses  of  Berthier*  and  De  Saussure  have  shown  a 
great  difference  between  the  proportions  of  the  bases  that  are 
found  in  the  same  kinds  of  plants,  grown  on  different  soils. 

It  appears  to  me  that  this  difference  is  at  least  partly  to  be 
ascribed  to  a difference  in  the  proportions  of  ammonia ; this 
being  a base,  through  which  all  the  acids  the  plants  require 
can  be  supplied  to  it  from  the  soil,  forming  salts  with  them 
that  are  very  readily  soluble. 

In  short,  if  it  is  really  a law,  th.at  the_ quantity  of  oxygen 
contained  in  the  bases  of  the  plants  is  constant  in  the  same 
species  wherever  it  has  grown,  then  it  is  equally  true  tliat 
this  relation  cannot  be  found  by  burning  the  plant  and  ana- 
lysing the  ash,  because  one  of  the  bases,  viz.,  the  ammonia,  -t 
is  volatilised  by  the  combustion,  and  is  not  determined  along 
with  the  others.  VMk  ^ 

It  cannot  be  objected  to  this,  that  nearly  the  whole  of  this 
ammonia,  as  a base,  disappears  in  the  plant  and  is  used  as  nvtit  ‘I 
organised  food  in  the  same  manner  as  carbon  and  oxygen. 

For  wc  must  consider  on  the  other  hand,  that  the  cellulose, 
in  whatever  form  it  may  appear — that  all  the  protein  com- 
pounds— in  a word,  that  all  the  solid  parts  of  a plant,  also 
remove  a quantity  of  the  potash,  soda,  lime,  and  magnesia, 
as  so  many  bases  with  which  tliey  combine,  and  thus 


render  them  inaccessible  to  the  action  of  the  vegetal)lc 
acids.  Whilst,  therefore,  the  ammonia  passes  into  organic 
substances,  the  acids  whicli  were  combined  with  it  are  set 
free ; and  again,  whilst  bases  are  combined  with  neutral  suli- 
stances,  the  acids  that  were  united  to  these  ba.ses  are  also  li- 
berated. 

Although  I conceive  that  there  are  a great  many  causes 
which  may  operate  to  produce  a certain  approximation,  yet 
I consider  the  existence  of  the  rule,  as  a rule,  unproved  ; 
neither  can  it,  in  my  opinion,  be  proved  in  the  present  time. 
If  limited  to  the  acids  that  arc  found  in  the  contents  of  the 


Annates  <tc  Cbim.  et  dc  Physique,  tome  32,  p.  248. 
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cells,  such  as  tartaric  acid,  &c.,  then  no  rule  at  all  can  be 
established,  for  there  exist  some  acids  in  plants  in  a fires 
state,  such  us  the  tannic  acid,  the  citric  acid,  &c.,  and  to  these, 
therefore,  the  rule  could  not  be  applied. 

When  the  carbonic  acid  of  the  carbonates  is  replaced  by 
some  organic  acid,  under  the  co-operation  of  an  additional 
quantity  of  carbonic  acid,  then  there  must  necessarily  be 
found  a salt  of  an  organic  acid  with  an  inorganic  base,  in  pro- 
per chemical  proportion.  But  in  this  case  the  law  asserted 
by  Liebig,  would  imply  that  cream  of  tartar,  fur  example,  is 
represented  by  the  formula 

C*  H2  06,  HO  + C*  H2  05,  KaO, 

a truth  which  certainly  nobody  will  call  in  question. 

What  proportion  the  inorganic  bases  may  bear  to  the  neu- 
tral parts  of  the  plant  that  have  a definite  form,  is  at  present 
still  unknown,  and  as  these  parts  contain  no  vegetable  acids, 
but  the  bases  are  combined  either  with  the  cellulose  or  the 
incrusting  matter  and  mixed  with  other  inorganic  salts ; and 
as,  further,  these  parts  with  a definite  form  constitute  the 
chief  mass  of  a great  number  of  plants,  this  still  remains  a 
point  for  investigation  in  vegetable  chemistry,  to  be  pursued 
in  the  same  way  as  it  has  been  carried  on  in  animal  chemis- 
try with  regard  to  the  bonea 

Finally,  the  idea  once  current  that  plants  can  seek  for  bases 
in  the  soil  according  to  their  wants  may  be  safely  considered 
as  erroneoua  We  do  not  know  the  existence  of  such  a power 
in  planta  But  it  has  been  found  to  be  true,  that  plants  of 
different  species  placed  close  to  each  other  in  the  same  soil 
and  under  the  same  circumstances,  after  being  burnt,  leave 
different  proportions  of  ash.  This  shows  that,  by  a different 
degree  of  evaporation  and  other  causes,  mentioned  at  page 
621 , plants  absorb  from  the  soil  a different  portion  of  water, 
and  consequently,  also,  of  the  salts  contained  in  it.  This  is 
the  reason  that  some  plants  require  for  their  existence  a much 
moister  soil,  and  water  containing  a greater  proportion  of 
salts  than  others.  According  to  Berthier,  1000  parts  of  oak 
wood  left  25  parts  of  ash,  whilst  the  same  quantity  of  linden 
wood  yielded  50  parts. 
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It  appears  to  me,  therefore,  that  it  is  impossible  to  indi- 
cate anj  general  law  with  regard  to  the  presence  of  inorganic 
bases  in  plants  With  the  single  exception  of  Mycoderma  vini, 
all  plants  that  have  hitherto  been  analysed  contain  inorganic 
constituents.  It  is  known  that  part  of  them  is  combined  with 
acids  in  such  plants  as  contain  acids ; for  instance,  in  the 
Peruvian  bark,  quinic  acid  is  combined  with  lime ; in  the 
various  kinds  of  sorrel,  oxalic  acid  is  combined  with  potash  ; 
and  in  the  grasses,  tartaric  acid  with  potash  and  lime.  But 
although  they  serve  in  the  plants  just  mentioned,  and  in  others 
containing  acids,  to  neutralise  these  acids,  and  their  qnantity 
is  necessarily  proportionate  to  that  of  the  latter ; yet  in  a great 
number  of  plants  those  acids  are  wanting,  although  these 
very  plants  contain  a considerable  quantity  of  bases — and  vice 
xer$a,  in  some  plants  which  are  characterised  by  the  presence 
of  free  acids,  bases  are  not  present.  In  every  cell-wall,  how- 
ever young,  in  the  spiral  threads,  in  the  incrusted  ligneous 
cells,  in  short,  everywhere,  these  bases  are  found.  They  are 
therefore  indispensable  to  the  life  of  plants ; when  they  are 
wanting,  the  plant  is  languid,  and  does  not  produce  that  sub- 
stance which  it  otherwise  would,  because  it  grows  in  a sickly 
manner.  But  this  does  not  yet  entitle  us  to  conclude,  that  the 
substance  which  is  not  produced  in  consequence  of  that  sickly 
condition  itself  directly  requires  these  bases  for  its  produc- 
tion. Starch,  for  instance,  contains  almost  no  inoigunic 
matter  at  all.  Its  production  is  possible  without  the  direct 
influence  of  that  inorganic  matter.  But  the  contents  of  the 
cells,  through  which  the  dextrin  of  the  saps  must  be  con- 
verted into  starch,  is  disabled  from  performing  this  function, 
if  they  do  not  contain  the  requisite  bases.  It  is  from  this 
cause  that  no  starch  is  produced,  although  the  latter  does 
not  itself  require  any  bases.  The  same  remark  applies  to 
the  vegetable  acids.  If  we  should  conclude  that  a phuit 
which  is  deprived  of  the  necessary  quantity  of  potash,  doe.s 
not  produce  any  oxalate  or  tartrate  of  pUash,  because  the 
acid  that  is  to  be  formed  finds  no  base  to  neutralise  it,  then 
in  my  opinion,  we  should  err.  The  want  of  potash  makes 
the  plant  sickly ; the  substances  that  are  i)resent  in  it 
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undergo  a change,  different  from  that  which  would  have 
taken  place  had  alkaline  bases  been  present : and  it  b this 
general  diseased  state,  which  b an  indirect  effect  of  the  ab- 
sence of  potash,  that  causes  the  non-pruduction  of  oxalic 
or  tartaric  acid.  A plant  to  which  no  inorganic  substances 
at  all  are  supplied,  produces  nothing : we  should,  therefore, 
be  equally  justified  in  asserting  that  everything — for  instance, 
the  production  of  vegetable  alkalies,  ethereal  oils,  colouring 
matters,  Sic. — is  effected  by  the  inorganic  bases,  as  we  are  in 
assuming  that  the  production  of  acids  is  effected  by  them. 

Thb  is  the  only  connection  that  I can  perceive  l>etween 
the  proportions  of  acid  which  may  be  obtained  by  the  ana- 
lysis of  a plant,  and  that  of  base  which  has  been  supplied  to 
the  latter  as  food.  The  larger  the  quantity  of  base — up  to 
a certain  limit — which  can  enter  into  a plant,  the  more 
luxuriantly  the  plant  will  grow  and  produce  its  peculiar  sub- 
stances ; the  larger,  for  instance,  will  be  the  quantity  of  acid 
which  is  formed  and  at  the  same  time  fixed  ; that  b,  which 
will  be  removed  beyond  the  change  of  materiab  in  which 
every  part  of  the  plant  is  involved.  It  b,  in  my  opinion, 
in  thb  manner,  and  in  thb  manner  alone,  that  we  can 
explain  the  otherwbe  mysterious  phenomenon,  that  there  b 
a regular  proportion  between  the  quantity  of  acid  and  base ; 
for,  whilst  the  acid  is  produced  in  the  fruit,  for  instance,  wo 
cannot  imagine  that  the  roots  possess  the  power  of  seciuing 
that  a sufficient  quantity  of  potash  is  supplied  to  the  acid  in 
the  fruit  For  this  reason  fruits  remain  sour  in  wet  seasons ; 
because  from  them  that  evaporation  of  water  cannot  take 
place,  which  promotes  the  entrance  of  vegetable  sap  into 
them,  carrying  with  it  a sufficient  quantity  of  base  to  neutral- 
ise the  acid.  Hence  ripe  fruits  ought  to  leave  more  ash  than 
unripe  ones,  and  we  cannot,  therefore,  place  implicit  reliance 
on  the  analyses  of  Berard.* 

* Johiuloa  (Elem.  of  Agrie.  Chem.)  obtained  from  1000  parts  of  straw  et 
unripe  wheat,  burned  five  weeks  before  iu  ripening,  40  parts  of  ash,  whilst 
straw  taken  from  the  same  clay  soil  after  hsring  come  to  maturity,  yielded  $0 
parts  out  of  1000. 

The  results  of  Berard  are  mentioned  in  the  section  entitled  the  " Ripcniag 
ef  Fruits,"  which  follows  hereafter. 
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Finally,  there  is  a greater  or  less  quantity  of  free  acid  con- 
tained in  sour  and  unripe  fruits,  which  is  a proof  that  the 
acid  has  been  formed  before  a sufficient  quantity  of  inorganic 
bases  has  been  taken  up ; and  which  shows,  therefore,  that 
the  quantity  of  acid  prepared  is  not  in  proportion  to  that  of 
the  base  which  has  been  supplied. 

It  follows  from  what  has  here  been  said,  that  1 cannot 
subscribe  to  Liebig’s  opinion  (Journ.  de  Pharm.  et  de  Chem. 
1843,  tome  iv.  p.  87),  concerning  the  function  of  the  bases 
in  plants,  which  he  supposes  to  be  the  production  of  acids, 
and  that  I feel  bound  to  view  this  important  subject  in  the 
growth  of  plants  in  a different  light. 

I shall  now  mention  a few  analyses  of  ashes  of  plants, 
which  have  recently  been  made  under  the  direction  of  Fre- 
senius  and  Will  (Annalen  der  Chemie  und  Pharmacie,  June, 
1844). 

They  divide  the  ashes  of  plants  into  three  principal  groups, 
viz. : — 

1.  Ashes  of  which  the  chief  constituents  are  earthy  and 
alkaline  carbonates.  These  are  obtained  from  the  different 
kinds  of  wood,  herbaceous  plants  and  mosses,  containing 
much  organic  acid. 

2.  Ashes  having  earthy  and  alkaline  phosphates  for  main 
constituents,  to  which  belong  the  ash  from  seeda 

3.  Ashes  with  silicic  acid  as  a chief  constituent,  such  as 
those  of  the  stems  of  grasses  and  equisetaceie. 

It  is  plain  that  this  division  does  not  embrace  every  case, 
yet  it  affords  certain  distinct  points  of  classification. 

In  tobacco  from  Hungary  they  found  18.9  to  27.36  per 
cent  of  ash  ; in  the  leaves  of  Fiscum  album,  10.93  per  cent, 
and  in  the  stem  of  the  same  plant,  3.67  per  cent ; in  Pyrus 
malus  (the  apple),  1.29  per  cent ; in  mosses  from  an  apple 
tree,  3.62  per  cent 


This  mode  of  accounting  for  the  sourness  of  fruits  wiii  not  bear  criticism, 
nor  the  conclusion  drawn  from  it,  that  ripe  fruits  ought  to  contain  more  inor- 
ganic matter  than  unripe.  If  the  organic  acid  which  causes  the  sourness  be 
tranafonned  into  sugar,  the  fruit  becomes  ripe  without  anjr  necessary  change 
in  the  proportion  of  inorganic  matter.  But  I have  elsewhere  treated  this  sub- 
ject at  length. — J. 
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Out  of  ten  difierent  ashes  of  tobacco,  we  shall  quote  the 
analyses  of  three  from  different  places : — 


I. 

IV. 

X. 

Potash,  

29.08 

18.20 

11.21 

Soda, 

2.26 

. . . 

Lime, 

27.67 

27.86 

47.03 

Magnesia,  ... 

7.22 

15.73 

1277 

Chloride  of  sodium,  

0.91 

11.41 

2 58 

Chloride  of  potassium. 

... 

3.92 

297 

Phosphate  of  iron. 

a 78 

6.80 

6.30 

Phosphate  of  lime. 

... 

... 

... 

Sulphate  of  lime,  ... 

6.43 

10.11 

5.11 

Silica,  

17.65 

5.97 

1203 

100. 

100. 

100. 

Oxygen  contained  in  the  bases,  ... 

16.06 

16.99 

2a05 

These  analyses  show  most  distinctly  an  exchange  of  bases. 
The  difference,  however,  between  the  quantity  of  oxygen 
contained  in  the  bases  of  Noa  1,  4,  and  10  is  so  great,  that 
any  stability  of  the  proportion  of  bases  in  the  same  kind  of 
plants  is  entirely  out  of  the  question.  The  cause  of  these 
differences  may  be,  first,  the  proportion  of  saltpetre,  which 
is  not  mentioned  here,  and  in  general  a difference  in  the 
respective  quantities  of  juices. 


Red 

wbeot. 

White 

wheat. 

Rje  Med. 

RTeeUmw. 

Peo. 

Apple 

tree. 

Pot4lb,  

21.87 

83.84 

32.7S 

17.19 

89.51 

19.24 

Sod. 

1S.75 

4.46 

3.98 

Lime, 

1.93 

8.09 

2.92 

9.06 

5.91 



Oxide  of  iron. 

9.60 

13.64 

10.18 

2.41 

6.43 

7.46 

1.36 

0.34 

0.82 

1.86 

Pbo.ph.te  of  iron,  ... 

... 

... 

... 

... 

... 



Phoephoric  acid. 

49.32 

49.21 

47.29 

3.82 

34.50 

4.16 

Chloride  of  lodiuni, 

• e« 

0.56 

S71 

9.45 

Chloride  of  potusium, 

0.26 



Solphurie  ncld. 

0.17 

1.46 

C.83 

4.91 

Silic.,  

1 1 

0.17 

61.50 

... 

1.31 

Quuititr  of  oxygen  of  the 
hue.  that  ue  combined 
with  phoephoric  uid. 

12.35 

11.92 

11.97 

■ 

11.18 

As  regards  these  analyses,  it  must  be  remarked,  that  the  re- 
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suits  obtained  by  Presenius  and  Will,  Bichon,  Thon,  and  Bous- 
singault,  from  peas  grown  on  entirely  different  places,  present, 
with  tolerable  stability,  a proportion  of  about  34  per  cent  of 
phosphoric  acid,  part  of  which,  however,  is  derived  from  the 
phosphorus  that  exists  in  the  protein  compounds  of  the  peas. 
The  potash  varies  from  34  to  39i  per  cent.,  while  the  soda, 
lime,  and  magnesia,  are  inversely  as  the  quantity  of  potash. 
The  quantity  of  oxygen  in  the  bases  of  the  ashes  of  peas 
varies  from  11.18  to  13.61  per  cent  The  quantity  of  sul- 
phuric acid  is  partly  produced  by  the  oxidation  of  the  sul- 
phur of  the  protein  compound. 

The  following  table  presents  a beautiful  view  of  the  inor- 
ganic constituents  of  some  parts  of  plants  that  are  used  as 
food.  Regarding  the  phosphoric  and  sulphuric  acids,  I repeat 
the  same  remarks  which  1 have  just  made.  This  table  has  been 
taken  from  the  analyses  published  by  Fresenius  and  WilL 


VIcUf&bo. 

Blchoii. 

Phawolotf 

mlg. 

Thou. 

Barley. 

Bichoo. 

Oau. 

BoQnlD- 

gault. 

Aconu. 

Kl«in- 

•cbmida. 

Potash, 

20.82 

21.71 

8.91 

62.9 

64.64 

Soda, 

19.0« 

21.07 

16.79 

Lime,  ... 

7.2« 

6.38 

8.86 

8.7 

4.89 

HiigneeiA, 

Oxide  of  iron,  ... 

8.87 

7.85 

10.05 

7.7 

6.67 

1.03 

0.34 

1.93 

1.8 

Pboephorie  acid. 

37.94 

85.33 

40.63 

14.9 

15.63 

Chloride  of  sodium. 

8.32 

... 

0.98 

Salphuric  acid, ... 

\M 

2.28 

0.’26 

1.0 

... 

Chlorioe, 

1.48 

0.5 

... 

Silica,  ... 

2.16 

1.48 

2i.ro 

63.8 

0.96 

Phosphate  of  iron. 

... 

... 

... 

2.61 

Sulphate  of  lime. 

... 

... 

... 

4.78 

Quantity  of  oxygen  in 
the  bases. 

18.56 

18.04 

11.70 

14.96* 

A considerable  difference  exists  between  these  results  and 
those  mentioned  by  Johnston  (Elem.  of  Agria  Chem.),f  where 


* Hsrting  hsi  published  tiuUjBes  of  ashes  of  other  kinds  of  plants.  (Ann. 
der  Chem.  and  Pharm.  April  184S,  8.  97).  Others  may  also  be  found  in  the 
number  for  Jam  1844. 

t This  and  the  sueoeeding  references  are  to  the  first  edition  of  my  ElemmUi, 
the  only  one  translated  into  the  Dutch.  The  table  of  analyses  here  intro- 
duced by  Mulder,  is  compiled  from  the  results  of  Sprengel,  the  best  we  at  that 
time  poescssed.  The  reader  will  find  far  more  ample  and  correct  information 
on  the  Bulyeot  of  the  inorganic  constituents  of  plants  in  the  second  edition  of 
my  Ltetura,  p.  36S  to  438. — J, 
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it  is  Stated  that  in  100  parts  of  ash  of  the  following  plants, 
are  contained : — 


WbMt 

Oa* 

ftvav. 

Deana 

Bcaa 

Potash,  ... 

19. 

0.5 

12. 

3.5 

8. 

15. 

I9.S 

5J. 

Soda,  ...  ..." 

20.5 

0.75 

12. 

1. 

5. 

trace 

38. 

1.5 

Lime,  ...  ... 

8. 

7. 

4.6 

10.6 

3. 

2.75 

7.75 

20. 

MaKiteiia, 

8. 

1. 

8. 

1.5 

2.5 

0.5 

7.5 

6.75 

Aluroioa  (?) 

2. 

2.75 

1. 

3. 

0.5 

trace 

1.5 

0.5 

Oxide  of  iron,  ... 

trace 

0.5 

1.5 

trace 

OJ 

Silica. ... 

34. 

81. 

50. 

73.5 

76.5 

80. 

6. 

7. 

Sulphuric  acid, ... 

4. 

1. 

2.5 

2. 

1.5 

1.5 

4. 

I. 

Phoephorie  acid, 

3.5 

5. 

9. 

3. 

3. 

0.25 

TS.75 

7.25 

Chloriue, 

1. 

1. 

1. 

1.5 

0.5 

trace 

2. 

25.* 

It  is  peculiarly  worthy  of  notice,  that  these  inorganic  con- 
stituents are  not  diffused  regularly  through  the  plant,  being 
accumulated  in  some  parts  much  more  than  in  others.  This 
indicates  a connection  between  the  organic  and  inorgunic 
constituents  of  plants  which  in  the  highest  degree  deserves 
our  attention.  Johnston  mentions  the  following  proportions 
(Elem.  of  Agria  Chem.) : — 

Proportion  of  ash  in  1000  parts  of 


Oats 

88 

Oat  Straw 

60 

Beaus 

30 

Peas 

28 

Pea  Straw 

50 

Barley 

• 20 

Barley  Straw 

50 

Indian  Corn  ... 

15 

Straw  of  Indian  Corn 

50 

Rye 

10 

Rye  Straw 

30 

Wheat 

12 

Wheat  Straw 

50 

These  results  indicate  not  only  that  different  plants  con- 
tain a different  quantity  of  inorganic  substances,  from  which 
again  a different  mode  of  culture  is  necessary, — but  also, 
that  the  productiveness  of  the  soil  will  not  become  greater 
by  Imparting  to  the  plants  an  abundance  of  inorganic  con- 
stituents. In  rye  and  wheat,  for  instance,  the  proportion  of 
straw  may  thus  be  increased,  without  either  the  number  or 
the  weight  of  the  grains  becoming  greater.  Johnston  re- 
marks that  this  proportion  of  ash  in  the  straw  increases  in 
projiortion  to  the  distance  from  the  root ; in  such  a way,  that 
when  the  undermost  fourth  part  of  the  straw  of  wheat  yields 

* In  Pafen'a  work,  entitled  Mem.  eur  Ics  Developpcmcns  dc«  VegeUux,  p. 
318,  other  determinations  of  the  Inorganic  comtituenU  of  plant*  mar  foend. 
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3 to  4 parts  of  ash,  tlie  second  fourth  will  give  5 to  6,  the 
third  6 to  7,  and  tlie  uppermost  8 to  9 parts.  Oat  and  rye 
straw,  on  the  contrary,  contain  the  largest  proportion  of  ash 
in  their  undermost  part. 

Similar  determinations  have  recently  been  made  by  A. 
Vogel,  yr.,  (Annalen  der  Chemie  und  Pharmacie,  Juli  1844, 
S.  139).  He  has  analysed  the  ash  of  the  stem,  leaves?,  and 
fruit  of  Pyrus  spectabilis,  and  his  results  were  the  following : 


Alkaline  carbonates, 

Stem. 

4.6 

Le»ve.. 

Fruit. 

29. 

Sulphate  of  potash,  alkaline  phos- 
phates, and  tracesof  common  salt. 

6.8 

Alkaline  phosphates. 

... 

... 

14.1 

Carbonate  of  lime. 

82.2 

72.9 

37. 

Carbonate  of  magnesia, 

4.9 

,9.76 

5.52 

Phosphates  of  lime  and  magnesia. 

8.8 

10..50 

18.60 

Silica, 

... 

... 

3.70 

100.6 

99.96 

97.92 

These  analyses  confirm  what  I have  said  before  (p.  634,) 
that  it  is  impossible  that  a whole  plant,  wherever  cultivated, 
should  contain  such  a proportion  of  inorganic  matter  that  its 
quantity  of  oxygen  should  be  constant  in  the  same  species. 
It  would  further  appear,  that  the  small  quantity  of  common 
salt  and  sulphate  of  potash  which  has  been  found  in  the  leaves, 
has  escaped  observation  in  the  analysis  of  the  stem  ; for  how 
could  they  have  reached  the  leaves  unless  through  the  stem  ? 

The  large  quantity  of  alkaline  phosphates  in  the  fruits,  and 
the  large  proportion  of  phosphates  of  lime  and  magnesia 
which  they  contain,  compared  to  that  in  the  stem  and  the 
leaves,  is  evidently  connected  with  the  quantity  of  sap  in 
the  fruit.  Whatever  other  value  these  analyses  may  possess, 
they  teach  us,  properly  speaking,  nothing  that  may  be  used 
for  science.  If  cither  the  stems  or  the  leaves  had  contained 
an  equal  quantity  of  vegetable  sap  with  the  fruits,  the  ana- 
lysis of  them  would  evidently  have  differed  much  less  than 
they  now  a]>pear  to  do. 

It  must  be  acknowledged,  that  the  analyses  of  ashes  from 
various  parts  of  oak  trees,  which  de  Saussure  made  a num- 
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l)«r  of  years  ago,  are  of  much  more  scientific  interest  than 
any  of  those  which  we  have  mentioned.  Their  results  will 
be  seen  in  the  following  table ; — 


1000  parU  of  the 


100  parts  of  ash  contain 


1 

1 

' 

Fi^h 
plant 
eon- 
lalned 
t*f  Mb. 

Drj 
plant  1 
con-  j 
tained  [ 
of  Mb.  ‘ 
1 

Pre^ 

plant 

oon« 

tained 

of 

water. 

Mu 

(K>lub1e 

in 

water. 

Pboe- 

phaCea 

CarboQ- 

atea. 

SOiea. 

MeUl- 

Ue 

oxtdea 

Oak  learefl  of  10th 
May. 

T)o.  of  27th  Sept.. 

13 

58 

74.5 

47 

21 

0.12 

8 

0.64 

25.24, 

24 

65 

54.0 

17 

1&25 

0.23 

14.5 

1.76 

25.5 

Branches  from 

which  the  epi* 
dermia  waa  re> 
moTcd, 

26 

28.5 

12.25 

0.12 

0.1 

32^ 

The  bark  of  these 
branches. 

60 

... 

7 

4.5 

63.25 

0.25 

X.75 

22.75 

The  middle  or 
hardwood, 

2 

38.6 

7.5 

32. 

2. 

2.25 

20.65 

The  new  wo<^. 

4 

32 

24 

11 

7.5 

2. 

23.5 

The  (>ark  of  the 
trunk. 

60 

7 

3 

66 

1.5 

2. 

31.5 

The  epidermis  of 
the  bark. 

73 

... 

7 

8.75 

65 

0.5 

1. 

22.75 

Extract  of  oak 
wood. 

61 

51 

... 

The  aoii  in  which 
this  oakwcKxi 
was  gToyrTif 
The  extract  from 
that  soil. 

41 

24 

10.5t 

10 

32 

14. 

3.5 

111 

66 

66 

... 

... 

... 

The  following  statements  by  Johnston,  (Elem.  of  Agric. 
Chem.),  show  how  large  a quantity  of  inorganic  constituents 
is  extracted  by  plants  from  the  soil,  and  consequently  re- 
moved from  the  land.  In  a crop  of  four  successive  years, 
during  which  the  produce  amounted  per  acre  to— 

The  first  year ; turnips,  25  tons  of  roots  and  7 tons  of  tops. 

The  second  year ; barley,  38  bushels,  of  63  lbs.,  and  1 ton 
of  straw. 

The  third  year ; clover  and  grass,  1 ton  of  each,  in  hay. 

The  fourth  year ; wheat,  25  bushels  of  60  lbs.,  and  1 f tons 
of  straw  : 

The  quantity  of  inorganic  matter  removed  from  the  soil 
amounted  to — 


Potash, 

Soda, 

Lime, 


281  pounds 


130 

242 


>» 
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Magnesia,  ... 

42  pounds 

Alumina,  (?) 

11 

Silica, 

318  „ 

Sulphuric  acid. 

111  „ 

Phosphoric  acid,  ... 

66  „ 

Chlorine,  

39  „ 

In  all. 

1240 

Each  of  the  plants  here  named  extracts  from  the  soil  its 
own  quantity  and  kind  of  constituents,  and  it  follows  from 
this,  that  when  certain  ingredients  have  been  taken  from  a 
soil  by  the  culture  of  a certain  crop,  this  soil  may  afterwards 
very  well  serve  for  the  cultivation  of  another  kind  of  plant, 
which  the  next  year  can  actually  yield  an  abundant  produce. 
Another  consequence  of  this  difference  in  the  several  ingre- 
dients required  by  each  individual  species  is,  that  as  far 
as  the  rain  water,  ascending  by  capillary  attraction,  cannot 
replacethese  inorganic  substances  in  the  upper  soil  which  have 
been  removed  from  it,  they  must  be  added  to  it ; — and  this  is 
especially  the  case  with  the  phosphates,  which  are  not  pre- 
sent in  ordinary  water.  Finally,  it  appears  from  the  fact 
mentioned,  how  advantageous  it  is  for  a soil,  that  the  roots  and 
other  unused  parts  should  be  ploughed  in  ; for  in  this  way, 
not  only  the  organic,  but  also  the  inorganic  constituents  which 
these  contain,  are  preserved  in  the  soil,  and  may  thus  serve  as 
food  for  succeeding  plants. 

From  what  has  been  slated  here,  it  will  be  easily  under- 
stood why  forced  and  hothou.se  plants  cannot  duly  develope 
themselves,  and  but  rarely  produce  fruits.  They  are  in  want 
of  salts,  which  they  ought  to  derive  from  the  soil,  and  thus 
theyi  are  deprived  of  a most  important  necessary  of  life.  It 
is  for  the  same  reasons  that  our  heath  soils  are  so  unproduc- 
tive ; and  they  might  be  converted  into  fertile  land,  if  the 
upper  soil  could  be  mixed  with  clay,  for  the  inorganic  sub- 
stances that  are  laid  upon  the  top  would  be  less  rapidly  car- 
ried down  by  heavy  rains,  and  consequently  the  upper  soil 
would  be  less  easily  deprived  of  its  inorganic  constituenta 

In  conclusion,  if  we  look  at  the  purposes  served  by  the 
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inorganic  substances  in  plants,  we  perceive  in  the  first  place, 
that  several  organic  substances  have  to  be  combined  with 
determinate  proj)ortions  of  certain  bases.  We  know  that 
the  fibrin  and  albumen  of  the  blood  require  carbonate  of 
soda,  in  which  they  are  dissolved,  and  with  which  they  are 
chemically  combined  ; further,  that  soda  always  exists  in  bile, 
and  that  phosphate  of  lime  seems  to  be  in  chemical  combina- 
tion with  gelatine  in  bones.  In  the  same  manner,  a numl>er 
of  vegetable  substances  that  exist  in  plants  most  proliably 
acquire  the  peculiar  character  which  they  thus  possess,  from 
their  not  being  present  there  as  pure  organic  bodies,  but  com- 
bined with  inorganic  substancea  On  this  subject  I refer  the 
reader  to  page  384  ; and  I believe  we  must  regard  the  inor- 
ganic bases  in  plants  as  serving  much  more  extended  purposes 
than  merely  neutralising  the  free  acids  present  in  them. 
It  appears  to  me  that  these  very  inorganic  constituents  are 
the  causes  of  the  differences  which  exist  between  the  same 
organic  substances  in  different  plants,  by  which  not  only 
different  plants,  but  also  different  parts  of  the  same  plant,  are 
enabled  to  exhibit  such  an  unlimited  variety. 

In  this  department  of  science,  however,  little  only  can  at 
present  be  fully  explained  with  regard  to  the  peculiar  service 
of  each  salt  or  base.  In  this  respect  our  knowledge  is  still 
most  defective.  Perhaps  the  following  remarks  will  not  be 
considered  superfluous,  especially  as  regards  ibe  purpose  of 
these  substances  in  plants  which  are  used  as  food  for  animak 

The  sulphur  and  phosphorus  which  exist  in  combination 
with  protein,  and  of  which  the  different  pro}K)rtions  impart 
to  this  substance  such  a difference  of  character  in  the  ani- 
mal body  (p.  306),  are  also  present  in  plants,  although  in 
proportions  different  from  those  in  animals.  The  manner  in 
which  these  two  elements  are  produced,  may  be  explained 
from  a generally  acknowledged  principle.  This  principle  is: 
that  in  the  vegetable  kingdom  there  exists  a tendency  to 
de-oxidation.  If — and  this  does  not  admit  of  any  doubt — 
the  action  of  certain  substances  in  plants  can  deprive  the 
carbonic  acid  of  part  of  its  oxygen,  whilst  the  remaining 
compound  enters  into  combination  with  the  elements  of 
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water,  then  several  other  bodies  may  and  will  lose  oxygen 
through  the  same  influences. 

It  is  unquestionable  that  the  sulphur  and  phosphorus 
are  to  be  traced  to  the  sulphates  and  phosphates,  and  conse- 
quently the  presence  of  sulphates  and  phosphates  in  the 
soil  is  indispensable  for  the  production  of  these  -organic 
combinations  with  sulphur  and  phosphorus  (protein  com- 
pounds)— a fact  which  has  been  long  known  from  extensive 
experience. 

I have  several  times  remarked,  that  it  appears  to  be  an 
erroneous  idea  that  these  vegetable  protein  compounds  should 
pass  into  the  animal  body  without  undergoing  any  change. 
Being  produced  in  plants  along  with  other  bodies  containing 
sulphur, — oil  of  mustard,  &c.,  for  instance — they  may  be  sub- 
sequently deprived  of  sulphur  and  phosphorus,  with  which 
they  may  be  again  combined  within  the  animal  organism.  We 
find  an  instance  of  this  in  taurin,  which,  according  to  Redten- 
bacher’s  analysis,  contains  26  per  cent,  of  sulphur,  and  which 
is,  beyond  all  doubt,  formed  by  the  animal  body  itself. 
Besides,  in  hair,  in  the  nails,  and  in  the  epidermis  there 
exists  a much  larger  quantity  of  sulphur  than  in  the  protein 
compounda 

It  would  appear,  therefore,  that  both  plants  and  animals 
have  the  power  of  decomposing  sul]>hates,  and — as  is  shown  in 
the  fats  of  the  brain — phosphates  also. 

The  whole  of  the  animal  food  is,  however,  originally  deri- 
ved from  plants,  and  it  is  therefore  an  essential  requisite  for 
the  organic  kingdom,  that  the  soil  should  contain  sulphates 
and  phosphates,  to  assist  in  the  formation  of  these  protein 
compounds.  The  animal  body  carries  along  with  it  an  abun- 
dance of  phosphates  in  its  bones,  and  in  gimost  every  one  of 
its  constituents.  We  find  phosphate  pf  lime  in  combination 
with  fibrin  and  with  the  albumen  of  the  serum  of  the  blood. 
Edible  plants  must  therefore  be  capable  of  supplying  a suf- 
ficiency of  phosphate  of  lime  to  the  animal  body.  The  same 
salt  exists  in  considerable  quantities  in  wine  and  milk,  and 
from  tbls  again  we  conclude,  that  the  vegetable  food  of  a 
cow,  for  instance,  ought  to  contain  a large  quantity  of  phos- 
phate of  lime. 

2 X 
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In  some  of  the  corn  plants  this  salt  exists  in  very  large 
quantity.  All  soils,  therefore,  in  which  these  plants  arc  (o 
be  cultivated,  must  either  contain  abundance  of  these  phos- 
phates, or  they  must  be  supplied  in  the  form  of  manure,  in 
the  same  proportion  in  which  they  are  extracted  from  the 
land.  Hence  the  utility  of  applying  bones  as  manure  to  peas 
and  beans,  com  plants,  cabbage,  beetroot,  turnips,  and  other 
plants,  which,  along  with  a large  quantity  of  albuminous  sub- 
stances, contain  much  phosphate  of  lime — the  former  being 
always  accompanied  by  the  latter. 

There  can  be  no  doubt  as  to  the  manner  in  which  inor- 
ganic salts,  such  as  phosphate  of  lime,  are  absorbed  by  the 
roots  of  plants.  The  salt  must  be  completely  dissolved  be- 
fore it  can  enter  into  the  plant  We  have  shown  in  the 
fifth  chapter,  that  certain  acids — such  as  the  acetic,  the  for- 
mic, Sic. — by  which  every  basic  phosphate  of  lime  can  be  dis- 
solved, are  actually  present  in  the  soil  Carbonate  of  lime  also 
may  thus  be  dissolved  by  water  containing  carbonic  acid,  and 
absorbed  by  the  cells  of  the  roots  ; and  in  a similar  manner 
other  insoluble  substances  in  the  soil  may  be  brought  into  a 
state  of  complete  solution,  since  they  are  not  surrounded 
' merely  by  water,  but  by  a very  complex  liquid. 

Among  the  bases  which  are  present  in  plants  that  serve 
as  food  for  man  and  animals,  oxide  of  iron  is  also  essen- 
tial, for  it  is  a constituent  of  the  colouring  matter  of 
vhe  blood.  The  quantity  of  iron  that  is  required  for  this 
purpose  is  very  small.  Edible  plants  contain  small  quan- 
tities of  it,  and  therefore  it  must  be  present  in  the  soiL 
It  is  present  in  different  proportions  in  the  same  kinds  of 
plants,  grown  on  different  soils  It  is  very  easy  to  discover 
fr6m  the  ash,  for  instance,  whether  a specimen  of  tea 
was  grown  in  China  or  in  Java.  The  soil  of  Java  contains 
much  iron,  and  thus  a much  larger  quantity  of  this  substance 
has  passed  into  the  tea,  than  could  take  place  on  the  calca- 
reous soil  of  China.  The  ash  of  the  former  kind  of  tea  is 
therefore  of  a deep  red,  and  that  of  the  latter  kind  of  a very 
pale  red  colour. 

With  regard  to  the  inorganic  substances  essential  to  them. 
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water  plants  resemble  those  that  grow  on  dry  land.  They 
differ  with  the  quality  of  the  water,  as  the  others  do  with 
that  of  the  soil  When  the  seeds  of  plants  growing  on  dry 
land  are  not  cultivated,  but  planted  by  nature,  they  will 
only  germinate  in  those  soils  in  which  they  find  the  peculiar 
inorganic  food  that  they  require  ; the  same  applies  to  water 
plants.  This  is  the  reason  why  the  weeds  on  our  shores, 
which  require  soda  and  iodine,  cannot  live  in  our  ditches  or 
marshes,  for  potash  and  chlorine  cannot  be  entirely  substi- 
tuted for  soda  and  iodine.  I have  remarked  at  p.  142,  that 
it  is  for  a similar  reason  that  the  species  of  plants  in  our 
country  are  so  similar  to  those  of  the  regions  about  the  Bhine. 

It  has  frequently  been  asked,  if  plants  do  really  obtain 
the  inorganic  substances  that  are  present  in  them  from  the 
soil,  because  there  are  some  soils,  in  which  little  or  nothing 
of  these  substances  seems  to  exist  Wiegmann  and  Pol- 
storff*  have  solved  this  question  by  careful  experiments. 
Seeds  of  Lepidium  sativum,  sown  in  cut  platinum  wire  in  a 
platinum  crucible,  moistened  with  pure  distilled  water,  and 
protected  from  dust,  produced  plants,  which,  on  being  burned, 
left  the  same  quantity  of  ash  as  an  equal  weight  of  the  seed. 
When,  therefore,  every  extraneous  source  from  which  inor- 
ganic substances  could  be  derived  was  cut  off,  the  quantity  of 
these  substances  was  not  increased. 

When  seeds  were  sown  in  quartz-sand,  which  had  previously 
been  extracted  with  aqua  regia,  the  result  was  entirely  dif- 
ferent Although  the  circumstances  had  in  every  other  re- 
spect been  the  same,  the  quantity  of  ash  which  the  plants 
now  left  was  double  that  of  the  seed.  It  appeared,  on  ana- 
lysis, that  this  quartz-sand,  although  long  treated  with  aqua 
regia,  still  retained  31  per  cent,  of  potash,  lime,  magnesia, 
alumina,  and  oxide  of  iron.  When  this  quartz-sand  was  kept 
for  a month  moistened  with  water,  through  which  a continual 
current  of  carbonic  acid  was  passed,  the  water  dissolved  out 
of  it  silica,  potash,  lime,  and  magnesia  It  was  thus  shown 
that  arid  sandy  soils,  which  directly  yield  nothing  either  to 

* Ceber  die  anorasnisebe  DeeUodtheile  der  Pflanzen.  Bine  in  OSltinsen, 
in  1842,  Gokriinte  Preiuebrift. 
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^?ater  or  to  plants  (p.  134),  may  yet  yield  to  plants  sub- 
stances soluble  in  water — by  the  influence  of  water  contain- 
ing carbonic  acid, — provided  they  contain  those  substances. 
It  is  most  clearly  proved  by  those  experiments  that  the  so- 
called  insoluble  silicates  are  slowly  decomposed,  and  that 
they  are  subservient  to  the  growth  of  planta 

With  these  experiments,  performed  with  different  seeds,  viz., 
those  of  Vicia  sativa,  Hordeum  vulgare,  A vena  sativa.  Poly- 
gonum fagopyrum,  Nicotiana  tabacum,  and  Trifolium  pra- 
tense,  Wiegmann  and  Polstorfi’  contrasted  others,  in  which 
the  plants  were  grown  on  an  artificial  soil,  consisting  of 


Sand,  ... 

861-26 

Sulphate  of  potash. 

034 

Chloride  of  sodium. 

0-13 

Sulphate  of  lime  (anhydrous). 

1-25 

Chalk,  in  very  fine  powder. 

10-00 

Carbonate  of  magnesih. 

5-00 

Oxide  of  manganese, 

2-50 

“ iron. 

10.00 

Alumina  (precipitated  from  alum). 

15-00 

Phosphate  of  lime. 

15-60 

Humate  of  potash. 

3-41 

“ soda,  ... 

2-22 

“ ammonia. 

10-29 

“ lime,  ... 

8-07 

“ magnesia, 

1-97 

“ alumina, 

4-64 

“ iron,  ... 

3-32 

Insoluble  humin. 

50-00 

1000-00 

While  the  plants  grew  badly  in  the  qnortz-sand  which 
was  used  in  the  former  experiments,  and  produced  no  fruit, 
in  the  present  mixture,  which  was  moistened  with  distilled 
water,  and  protected  from  dust,  they  became  well  developed, 
and  they  left  in  all,  after  burning,  from  four  to  five  times 
more  ash  than  the  seeds  originally  contained. 

The  conclusions  to  bo  drawn  from  these  comparative  ex- 
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periments,  however,  are  defective,  because  the  quartz-sand 
was  devoid  of  any  organic  substance,  and  of  all  inorganic 
constituents  which  are  easily  soluble  in  water.  At  the  samo 
time  they  show  most  clearly,  that  if  there  is  a larger  quan- 
tity of  inorganic  substances  present  in  the  plants  than  there 
was  in  the  seeds,  these  must  have  been  supplied  to  the 
plants  from  without  We  also  learn  from  them,  that  the 
quantity  of  inorganic  substances  increases  with  the  growth  of 
a plant 

With  regard  to  the  service  j)erformed  by  the  inorganic 
food  of  plants,  the  reader  is  referred  to  the  commencement  of 
Chapter  VII.,  p.  382. 

E.  On  th»  Organic  Food  of  PlanU. 

When  we  observe  how  one  organic  object  attaches  itself  to 
another,  to  extract  nourishment  from  it,  we  cannot  resist 
the  impression,  that  organic  beings  support  one  another. 

The  parasitic  animals  which  live  upon  the  skin  of  others, 
those  which  lay  their  eggs  below  the  skin  of  others  to  be 
hatched  there,  and  the  entozoa,  are  among  the  manifold 
instances  in  the  animal  kingdom,  which  show  that  there  is  a 
material,  perhaps  even  an  organic,  mutual  connexion  between 
the  several  individuala 

In  the  vegetable  kingdom,  the  number  of  parasites  is  still 
larger  than  among  animala  The  stems  of  trees  are  almost 
always  covered  with  mosses  and  lichens.  Although  it  b true 
that  many  of  these  are  false  parasites,  attaching  themselves 
to  some  organic  object  merely  for  the  purpose  of  support,  yet 
a great  many  of  them  have  no  other  source  of  food  but  the 
organic  object  by  which  they  are  supported. 

Confervas  and  other  algae  are  developed  upon  gold  Ashes 
water  salamanders  and  frogs  are  often  covered  with  confer- 
vse  confervas  and  fungi  are  developed  in  the  lungs  of 

‘Ooodair  in  AniuJa  of  Kat.  Uiat.,  lomo  ix..  p.  SS3.  Unger  in  binnaea, 
tome  ztL  p.  120. 

-f-  Hanover  in  MuIIcr'a  ArcUir.,  1830,  p.  338.  Stilling,  ibideM,  1811,  p.  270. 
Hanover,  ibidem,  1842,  p.  73. 
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birds  ;*  various  simple  fungi  are  deposited  upon  the  human 
skin,*f'  and  are  even  not  unfrequently  found  on  the  raucous 
membranes ; an4  fungi  are  also  found  in  cells  of  plants,  for 
instance,  in  those  of  potatoea^ 

It  appears  certain  that  the  plants  we  have  mentioned 
actually  draw  organic  food  from  the  bodies  to  which  they  are 
attached. 

It  was  necessary  that  there  should  exist  in  nature  one 
source  of  nutriment  common  to  the  great  majority  of  plants  ; 
a substance  from  which  plants  could  extract  what  they  want, 
and  through  which  any  thing  in  which  they  might  be  defi- 
cient could  be  supplied  to  them.  This  substance  is  the  soil, 
at  least  for  by  far  the  greater  number  of  plants  that  are  now 
in  existence  To  many  others  food  is  conveyed  by  other 
means.  The  little  plants  just  referred  to,  and  those  enume- 
rated at  p.  94-98,  severally  feed  upon  peculiar  substances, 
which  are  to  be  extracted  from  the  organs  upon  which  they 
exist  as  parasites.  The  mould-plants  that  are  produced  upon 
different  organic  substances  differ  with  the  natiux  of  these 
substances,  and  remain  always  of  the  same  kind,  having  a 
persistence  which  they  could  only  have  acquired  by  the  unal- 
tered nature  of  the  food  by  which  they  are  sustained.  On 
moist  leather,  covered  with  tannate  of  iron  and  gum,  upon 
ink,  &C.,  in  every  place  and  condition,  the  same  kinds  of 
mould-plants  are  always  produced. 

This  constant  appearance  of  one  and  the  same  mould-plant 
upon  the  same  organic  substance,  teaches  us  not  only  that 
these  little  plants  are  developed  from  the  organic  molecules 
of  the  substances  on  which  they  are  found,  but  also  that 
they  are  fed  by  these  substancea  Moist  leather,  for  instance, 
does  not  putrefy  in  consequence  of  moulding,  but  the  original 

* J.  Muller  in  Archir.,  1M2,  p.  IBS.  Dadongtbunpe  in  Comptee  Reodoa 
Tol.  i.  1841,  p.  1110.  And  al«o  rarioua  obeervattons  in  Comptee  Bandiu,  1841, 
p.  1110.  PhiloMpIt.  Magaz.  1883,  voL  ii  p.  74. 

•f  Hanover  in  MOlIei'i  Arebiv.,  1843,  p.  281.  SehSnIein,  Mtitm,  1888,  p.  88. 
Ombj,  ibidem,  p.  32.  Bennet,  Traneaet.  of  tba  Bojrai  Soe.  of  Sdin.,  toma  xv. 
p.  8.  AnnaU  of  Nat.  Hiat.,  voL  vi  p.  138. 

$ Martiua,  die  Eariotbl-Bpidemie,  1842.  NUgoli  in  linnwa,  toate  svl,  p. 
868. 
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production  of  these  moulds  arises  from  the  decomposition  of 
the  blackening  substance.  When  the  plants  have  been  once 
produced,  they  feed  copiously  upon  the  constituents  of  the 
leather,  viz.,  the  tannic  acid  and  gelatine,  which  they  exhaust 
only  after  a number  of  years. 

The  Merulitu  desiructor  is  highly  remarkable  in  this  respect 
This  plant  causes  in  England  a loss  of  milliona  Having 
been  once  produced  upon  wood,  it  propagates  itself^  forces  its 
threads  of  mycelium  deep  into  its  substance,  exhausts  it,  and 
makes  it  at  last  fall  asunder.  This  destruction  has  been 
called  in  England  rot,  and  its  real  nature  has  for  a long 
time  been  misunderstood.  The  investigations  of  Eyan  have 
first  thrown  some  light  upon  this  subject  A solution  of  cor- 
rosive sublimate,  in  which  the  timber  is  soaked,  and  which 
penetrates  into  it  only  to  a depth  of  a few  millimeters,  arrests 
not  merely  the  spreading  of  this  fearful  disease  in  wood,  but 
prevents  it  even  in  the  most  unfavourable  circumstances. 
When  pieces  of  sound  wood,  impregnated  with  this  solution, 
were  closely  fastened  to  pieces  that  were  much  affected  with 
dry  rot,  and  these  placed  together  in  pits  in  which  no  ordi- 
nary wood  can  remain  without  becoming  rotten  (in  Wool- 
wich these  cellars  are  called  dry  rot  pit*),  they  completely 
withstood  the  infection  for  several  montha  The  surface  of 
the  wood  had  been  saturated  with  a substance  which  checks 
the  propagation  of  the  plant,  and  thus  arrests  the  evil 

The  threads  of  the  mycelium  of  this  plant  (Merulius  de- 
structor) penetrate  deep  into  the  wood,  and  the  plant  is  de- 
veloped and  nourished  at  the  expense  of  those  parts  of  the 
timber  which  are  the  least  dry.  Like  all  other  plants,  it  re- 
quires protein  compounds,  and,  therefore,  it  lives  upon  the 
albumen  which  exists  in  the  wood,  and  also  upon  the  cellu- 
lose and  other  parts.  The  same  organic  substance,  having 
lost  one  form,  immediately  assumes  another.  Thus,  one  plant 
is  decomposed,  and  another  immediately  built  up  from  the 
constituents  of  the  former.  The  cellulose  and  protein  of  the 
wood  are  not  converted  into  carbonic  acid  aud  ammonia,  but 
from  the  wood  they  pass  directly  into  a new  organisation, 
the  cellulose  l>eing  probably  first  converted  into  de.xtrin,  or 
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at  least  brought  into  some  neutral  and  semi-soluble  form,  in 
which  it  must  bo  before  its  molecules  can  leave  the  wood, 
and  produce  with  albumen  a new  series  of  cells,  to  assume 
the  appearance  of  Merulius  destructor.* 

The  manner  in  which  the  corrosive  sublimate  acts  in  coun- 
teracting this  dry  rot,  shows  most  clearly,  that  putrefaction  or 
decay,  properly  so  called,  is  not  here  checked,  but  only  that 
the  spreading  of  the  plant,  which  takes  place  over  the  surface, 
is  stopped.  It  is  the  new  plant,  therefore,  which  consumes 
the  wood,  but  not  the  decaying  wood  which  ]>roduces  the 
plant.  This  being  thus  clearly  proved,  the  production  and 
spreading  of  the  Merulius  destructor,  and  the  destruction  of 
the  wood  by  this  plant,  afford  an  instance,  not  only  of  a plant 
feeding  upon  other  substances  than  carbonic  acid  and  ammo- 
nia, but  also  of  the  direct  production  of  a plant  from  organic 
substancea  This  is  a striking  instance  of  a simple  transition 
of  the  cellulose  and  protein  from  one  individual  into  another. 

I consider  this  instance  as  one  of  much  importance,  and, 
therefore,  I shall  mention  one  or  two  others  which  are  to  be 
explained  on  similar  principles. 

Unger  has  communicated  important  observations  on  para- 
sitic plant&f 

When  a parasite  is  in  its  most  simple  form,  its  vascular 
tissue  passes  directly  into  that  of  the  parent  plant  This 
cannot  be  explained  in  any  other  manner,  than  that  the  para- 
site is  directly  nourished  with  prepared  vegetable  sap  But 
Unger  describes  a great  number  of  other  forms,  which  are 
unquestionably  nourished  in  the  same  way. 

Ihe  parasites  that  are  especially  suitable  as  illustrations 
of  our  present  subject,  are  those  of  which  part  of  the  vessels 
are  joined  by  their  apertures  with  those  of  the  parent  plant 
(Sarcophyte,  Ombrophytum,  &c.)  ; those  that  form  a tap  root, 
of  which  the  fibres  adhere  to  the  parent  plant  (Langsdorfia)  ; 
those  which  have  no  tap  root,  but  a great  number  of  roots 
which  are  connected  with  the  parent  plant  (Lathnea  squa- 

* By  tho  kindnoeg  of  Dr.  Faraday,  I have  had  ample  opportnaity  of  boeom- 
Ing  acquainted  with  thi«  plant. 

+ Wiener  Arehiv.,  fUr  Naturgeechiehte,  t.  ii.  1840. 
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maria) ; and,  finally,  those  that  have  long  roots,  extending 
either  over  or  below  the  bark  of  the  parent  plant,  and  thus 
extaract  their  food  from  the  latter  (Viscum,  Misodendron, 
and  the  greater  part  of  the  Loranthacese).  This  food  is  of  an 
organic  nature,  previously  prepared  by  the  plant,  and  cer- 
tainly not  carbonic  acid  and  ammonia. 

These  plants,  therefore,  are  well  worthy  of  attention,  be- 
cause, being  dicotyledons,  and  undoubtedly  feeding  exclu- 
sively upon  organic  matter,  they  aifurd  direct  proof,  that  it  is 
perfectly  possible  that  plants  fixed  in  the  soil  may  absorb 
organic  food,  if  this  is  present  in  the  soil. 

According  to  Schwabe,*  the  Boletus  destructor  is  fed  in  the 
same  manner  as  the  Merulius  destructor,  viz.,  by  extracting 
its  food  from  the  wood,  and  thus  making  it  fall  asunder.  He 
thinks  that  the  Merulius  vastator  attracts  moisture  from  the 
air  through  its  fibres,  and  thus  causes  the  wood  to  putrefy. 
The  latter  opinion,  however,  cannot  be  maintained,  because, 
when  the  wood  has  no  fiingi  upon  its  surface,  and  is  then 
moistened  with  water,  it  decays  far  less  rapidly  than  when 
fungi  are  present  Consequently  the  attraction  of  moisture 
cannot  be  the  sole  cause  of  the  decay  of  the  wood,  but  this 
decay  is  to  be  ascribed  to  the  extraction  of  substances  from 
the  wood,  effected  by  the  fungi 

We  might  quote  a great  many  other  instances  of  plants, 
tuat  actually  feed  upon  organic  substances  which  have  not 
been  transformed  into  humus — plants  that  are  very  far  from 
living  upon  carbonic  acid  and  ammonia-f-  But  those  already 
mentioned  may  suffice  to  show,  that  there  are  some  plants 
which  do  actually  increase  in  size  by  the  absorption  of  organ- 
ised substances,  which  have  been  merely  isomorphically 
transformed  in  a retrograde  order,  to  be  afterwards  transform- 
ed once  more,  in  a progressive  order,  and  to  produce  new  cel- 
lular systema 

Though  these  are  undoubted  facts,  it  is  on  the  other  hand 
equally  true,  that  there  are  real  atmospheric  plants,  which 

* 1 1840,  p.  194. 

-f-  For  iustanee  Mater  aceti,  which  U produced  from  acetic  acid  and  protein, 
which  are  present  in  rinogar.  Scheiknndige  Onders.  Deel  1,  p.  589. 
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have  either  no  support  at  all,  or  only  one  from  which  they 
can  obtain  neither  organic  nor  humic  food ; for  instance,  a 
great  number  of  lichens,  especially  such  as  live  upon  rocks, 
some  orchidacese,  &c.  (see  p.  109). 

It  is  for  from  surprising,  therefore,  that  there  should  be  a 
third  class  of  plants,  that  absorb  not  only  carbonic  acid  and 
ammonia,  but  also  organic  food — humous  substances,  which 
occupy  an  intermediate  place  between  organic  substances  on 
the  one  side,  and  the  constituents  of  the  atmosphere  on  the 
other  (p.  132).  To  this  third  class  the  majority  of  existing 
races  of  plants  belong,  and  their  existence  depends  upon  the 
layer  of  humus,  which  in  many  places  covers  the  earth  to  a 
certain  depth,  in  the  present  period  of  its  history.  Before 
that  layer  was  formed,  the  now  living  plants  did  not  exist ; 
and  whenever  that  layer  again  disappears,  either  in  conse- 
quence of  a change  in  the  atmosphere  or  through  other  in- 
fluences, then  the  greater  part  of  the  present  phanerogamic 
plants  will  at  the  same  time  be  destroyed. 

In  this  point  of  view,  it  appears  that  a satisfactory  answer 
may  be  given  to  the  question  that  has  been  so  partially 
treated,  whether  or  not  plants  absorb  from  the  soil  organic 
food  along  with  carbonic  acid,  water,  ammonia,  and  ammo- 
niacal  salts  ? Some  plants  do  not  absorb  organic  food  ; others 
live  upon  it  entirely ; others  again  make  use  of  both  or- 
ganic and  inorganic  food.  To  the  latter  class  belong  the 
greater  part  of  the  plants  now  living,  viz.,  those  that  are 
rooted  in  the  soil. 

I need  not  detail  the  reasons  which  have  led  some,  espe- 
ciaUy  Liebig,  wholly  to  deny  that  plants  absorb  organic  food. 
In  the  first  place,  many  of  the  constituents  of  the  soil  are  con- 
tinually undergoing  decomposition,  and  it-  mmm,  therefore, 
as  if  in  their  organic  state  they  are  not  absolutely  necessary 
for  planta  In  the  second  place,  plants  do  actually  absorb 
carbonic  acid,  water,  and  ammonia,  and  convert  them  into 
constituents  of  their  own  substance,  whence  it  seemu  to  fol- 
low, that  they  can  live  exclusively  upon  these  compounda 
In  the  third  place,  the  quantity  of  the  organic  constituents 
of  the  soil  is  in  most  cases  so  small,  that  they  Mvm  to  be  not 
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essential  But  these  and  all  similar  teeming  reasons  are 
opposed  by  others,  whilst  no  proof  has  been  advanced  for 
any  of  those  that  have  been  just  mentioned,  or  may  still 
be  produced.  In  the  first  place,  none  of  the  plants  here  re- 
ferred to  appear  to  thrive  in  soils  that  are  entirely  destitute 
of  organic  substances.  As  to  the  quantity  of  these  sub- 
stances, this  is  a matter  of  no  consequence,  any  more  than 
that  plants  cannot  live  upon  them  exclusively.  The  quan- 
tity of  common  salt  required  by  an  animal  fur  its  existence 
is  also  small,  and  an  animal  cannot  certainly  live  upon  com- 
mon salt  alone ; yet  common  salt  is  indispensable  to  the 
animal  organism.  It  appears  to  me,  that  the  organic  con- 
stituents of  the  soil  are  equally  indispensable  for  the  organ- 
ism of  plantSL  Experience  has  proved  it,  and  against  this  no 
denial  can  stand.  The  question  here  is  not  whether  plants 
may  not  cause  the  organic  matter  in  the  soil  to  accumulate, 
by  condensing  the  constituents  of  the  atmosphere,  and  whe- 
ther in  this  way  they  live  upon  oi^nic  substances.  This  re- 
gards merely  the  final  results  of  what  takes  place  in  the  ac- 
tions of  nature.  Directly  opposed  to  this  is  the  fact,  that 
an  arid  sandy  soil  sometimes  requires  the  lapse  of  centuries 
to  produce  a few  heaths,  which  grow  but  poorly,  and  that 
when  these  are  ploughed  in,  that  is,  when  organic  matter  is 
mixed  with  the  soil,  the  latter  becomes  fit  for  growing 
pines  ; further,  that  these  trees,  increasing  in  size  and  shed- 
ding their  leaves,  render  the  soil  fit  for  the  culture  of  buck- 
wheat and  rye,  and  that  by  thus  introducing  organic  sub- 
stances into  the  soil  and  yearly  increasing  their  quantity, 
our  arid  sands  may,  after  a number  of  years,  be  converted  into 
a fertile  region. 

Whilst,  therefore,  heaths  require  but  a small  quantity  of 
organic  matter,  pines  require  more,  buck  wheat  and  rye  still 
more,  to  thrive  vigorously.  It  appears  to  me  that  the  true 
account  of  the  matter  is  simply  this : plants  obtain  their  food 
both  from  the  atmosphere  and  from  the  soil  The  atmosphere 
most  yield  the  building  material  for  some,  whilst  for  others 
it  must  supply  the  unelaborated  mass  which  has  not  yet 
become  such  a material  itself.  It  is  the  part  of  the  soil  to 
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render  some  substances  fit  to  become  food  for  plants ; and 
although  plants  condense  substances  from  the  atmopshere, 
yet  there  are  only  a few  that  live  through  the  atmosphere 
alona 

The  great  value  of  this  small  quantity  of  organic  food  to 
plants  is  apparent  from  the  effects  of  such  manures  as  con- 
tain a considerable  quantity  of  vegetable  matter.  We  per- 
ceive these  effects  after  the  ploughing  in  of  the  roots  of  the 
previous  crops,*  the  digging  in  of  the  leaves  of  trees,  the 
admixture  of  sawdust,  and  especially  the  sowing  of  clover, 
rapeseed,  and  spurry,  which  are  subsequently  ploughed  in, 
and  many  other  instances.  The  practical  agriculturist  knows 
well,  that  organic  substances  of  any  kind  render  the  soil  fer> 
tile,  although  not  all  in  the  same  degree,  and  for  this  reason 
he  mixes  vegetable  and  animal  substances  U^ther,  thus  to 
increase  the  amount  of  organic  matter  in  the  soiL  In  hor- 
ticulture it  is  found,  that  tan,  mud  from  the  sea,  bran,  and 
similar  substances,  are  excellent  food  for  plants,  and  every 
one  may  easily  find  this  confirmed  by  experience.  For  the 
same  reason  charcoal  may  also  be  called  an  organic  food  of 
plants,  because  it  is  finally  converted  into  organic  matter. 

* Bousaii^fsalt  hu  ozsmined  (TlluUtut.  1810,  p.  205),  «hat  qumtiU  ct 
organic  matter  is  introduced  into  the  soil  b;  the  ploughing  in  of  the  root* 
that  hare  been  left  in  the  soil  by  the  preceding  crop.  These  experiments  de- 
rive their  chief  importance  from  their  indicating  how  much  nitrogen  is  Urn 
left  in  the  mU,  and  may  at  least  for  the  greater  part  be  anpplied  to  the  sac 
oeoding  crops ; but  they  enable  ns  in  the  second  place  to  calcolate  hov  mach 
ulmic  and  humic  acids,  &c.,  may  bo  formed  in  the  soil  by  the  decompoMticn 
of  these  snbstanoes. 

Ho  found  that  on  a hectare  (about  2}  imp.  aore,)  npesi  vhieh  wheat  had  beea 
grown,  1036  kilogrammes  (about  2800  lbs.)  of  stubble  and  roots  were  ploaghad 
in ; of  clover  the  quantity  amonnted  to  1517  Ulogniumes,  and  of  oau  t«  650 
kilogrammes.  A hectare  of  soil  thus  receives  the  following  quantiliea  of 


From  Wheat. 

Clover. 

Oats. 

Carbon 

601.1  kilogiam. 

671.1 

825.7 

Hydrogen  • 

6A0 

62.0 

65.1 

Nitrogen  • 

45i 

27.» 

2.6 

Oxygon 

102.8 

570.8 

26A5 

Ash 

72.6 

161.9 

38.1 

It  is  not  necessary  to  remark,  however,  that  part  of  these  constituent*,  op<- 
cially  of  the  carbon,  is  given  off  to  the  atmosphere. 
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The  meaning  of  the  term  organic  food,  however,  is  far  too 
vague,  and  requires  therefore  a little  explanation.  It  is  by 
no  means  invariably  the  case,  that  every  organic  substance, 
provided  it  be  soluble,  constitutes  a useful  food  for  plants ; 
on  the  contrary,  experience  shows  that  the  number  of  sub- 
stances, fit  for  this  purpose,  is  but  small.  They  have  been 
enumerated  in  the  fifth  chapter.  They  are  produced  by  the 
decomposition  of  the  greatest  part  of  organic  substances  that 
are  yet  known,  whilst  these  are  in  contact  with  air  and  water, 
especially  when  difiused  through  porous  substances,  such  as 
alumina  All  these  organic  bodies  are  first  converted  into 
ulmin,  and  subsequently  into  ulmic  acid,  humin,  humic  acid, 
geic  acid,  apocrenic  acid,  and  at  last  into  crenic  acid.  Of 
these  seven  substances,  the  five  acids  can  all  be  combined  with 
bases,  and  thus  rendered  soluble  in  water.  These  are  the 
organic  substances — and  as  yet  we  know  of  no  other  that  are 
absorbed  by  plants  as  food.*  They  are  present  in  every  soil, 
and  apparently  they  all  enter  through  the  tender  roots  into 
the  plants,  where  they  are  to  perform  important  functiona 

The  greater  part,  and  perhaps  the  whole,  of  the  ammonia 
which  plants  absorb  from  the  soil  is  supplied  to  them  by 
means  of  these  organic  acida  Experience  has  taught  us, 
that  salts  of  ammonia  are  injurious  to  plants,  unl^  they  are 
combined  with  these  organic  acids,  and  that  when  thus  com- 
bined— as  they  are  in  liquid  and  other  manures,  in  decayed 
sheeps’,  cows’,  or  pigeons’  dung — they  are  of  great  benefit  to 
planta-f*  Whatever  salt  of  ammonia  is  added  to  the  soil,  it 

* Hermann  has  replied  (Erdmann'B  nnd  Hareband's  Jonmal,  1845)  to  my 
remarks  npon  his  experiments  (see  above,  p.  171),  but  be  has  not  changed  my 
opinion. 

f Y^etable  and  animal  manures  differ  in  many  respects  in  their  inflnenco 
npon  plants.  Before  being  decomposed,  those  of  animal  origin  are  often  in- 
Jnrions,  whilst  the  others  are  in  most  cases  harmless.  Berzelius  observed,  that 
farm  yard  manure  and  urine,  before  they  had  undergone  putrefaction,  did 
damage  to  plants,  whilst  after  putrefaction  they  acted  beneficially.  (Hlubcck, 
die  EmShrung  der  Pflanzen,  Prag.  1841,  p.  40).  Accordingy  to  Davy,  even 
sugar,  milk,  fcc.,  when  applied  in  concentrated  solutions,  are  iiyurious  {ibidem, 
p.  40).  The  cause  of  the  usurious  action  of  animal  substances,  however,  is  not 
only  their  concentrated  form,  bnt  that  they  contain  ingredients  which  act  as 
iiynrions  stimulants  npon  plants. 
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can  be  separated  from  it  from  the  moment  that  the  admix- 
ture has  taken  place  in  no  other  form  except  in  that  of 
ulmate,  humate,  geate,  apocrenate,  or  crenate  of  ammonia, 
provided  the  soil  contains  a sufficient  quantity  of  decayed 
organic  matter.  Upon  this  principle,  it  has  been,  from  the 
earliest  times,  the  practice  of  the  art  of  agriculture  to  bring 
manure  into  a state  of  putrefaction,  by  which  the  mixture  of 
the  five  different  ammoniacal  salts,  just  mentioned,  is  pre- 
pared, and  food  is  directly  supplied  to  plants.  The  urine  of 
men  and  animals,  and  guano — ^that  is  to  say,  the  urea,  uric 
acid,  or  hippuric  acid  which  these  substances  contain,  or 
whatever  other  substances  producing  ammonia  may  be  em- 
ployed— all  combine  in  the  form  of  ammonia  with  the  above- 
named  five  acids  in  the  soil,  before  they  serve  as  food  for 
plants.  It  is  for  the  same  reason  that  soot,  which  contains  a 
large  quantity  of  humate  of  ammonia — the  fle«Ii  and  blood  of 
animals — which  are  so  easily  converted  into  this  salt — hair, 
&C.,  are  such  excellent  food  for  plants. 

Among  the  constituents  of  the  soil,  there  is  one  which 
has  hitherto  escaped  attention,  although  it  acts  an  important 
part  in  the  changes  which  the  organic  substances  of  the  soil 
undergo.  When  substances  that  are  completely  free  from 
oxygen  are  mixed  with  clay  or  sand — in  short,  with  any  of 
the  inorganic  constituents  of  the  soil — they  resist  putrefac- 
tion for  a long  tima  We  see  instances  of  this  in  fiax,  hemp, 
ropes,  wood,  all  of  which  resist  fur  a long  period  the  in- 
fluence of  air  and  moisture  If  the  falling  leaves  were  so 
long  to  remain  unchanged,  they  could  be  of  no  advantage  to 
the  growth  of  plants;  but  they  would  merely  accumulate 
and  raise  the  level  of  the  soil ; whilst,  on  the  contrary,  we 
see  them  disappear  in  the  course  of  one  year,  being  converted 
into  humic  substancea 

As  we  know  by  what  substances  putrefaction  is  promoted, 
we  cannot  have  any  doubt  as  to  those  that  promote  the  for- 
mation of  humua  They  are  those  organic  bodies  that  are 
easily  brought  into  a state  of  decay,  when  merely  exposed  to 
moisture  and  a certain  temjierature — viz.,  in  the  vegetable 
kingdom,  the  albuminous  substances,  gluten,  frc. 
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These  bodies  are  advantageous  to  the  soil ; first,  because 
the7  yield  ammonia,  and  in  the  second  place,  because  they 
produce  a chemical  change  in  the  substances  not  containing 
nitrogen,  such  as  cellulose,  woody  matter,  &c.,  and  convert 
them  into  humua 

This  is  a reason  why,  by  the  application  of  sawdust  alone, 
or  other  substances  containing  little  nitrogen,  which  are 
sometimes  used  as  manures,  humus  Is  with  great  difficulty 
formed.  They  are  therefore  less  advantageous  for  the  growth 
of  plants,  than  when  they  are  previously  mixed  with  protein 
compounds,  such  as  wool,  hair,  &;c. 

Whilst  these  substances  are  in  a state  of  decomposition, 
they  sustain  the  ^tivity  of  the  fibrils  of  the  roots,  which  are 
in  contact  with  them  (p.  133),  and  thus  the  chemical  action 
which  is  going  on  in  the  constituents  of  the  soil  is  transferred 
to  those  of  the  fibrila 

This  peculiarity  is  worthy  of  special  attention,  because  it 
is  assumed  as  a principle,  that  ammonia  ready  formed  is 
equally  beneficial  to  plants,  as  when  it  is  in  the  nascent  state 
— a supposition  which  is  contradicted  by  experience. 

Now,  it  may  be  asked  whether  these  organic  substances, 
being  in  a continual  state  of  putrefaction,  serve  merely  to 
yield  carbonic  acid  and  ammonia,  and  thus  to  communicate 
to  the  roots  of  plants  a chemical  impulse — a cause  of  change 
of  materials — or  whether  the  organic  constituents  of  the  soil 
are  actually  absorbed  by  plants  ? This  subject  has  of  late 
given  rise  to  much  controversy,*  which  consisted  in  my  opi- 
nion of  a mere  dispute  about  worda  Science  at  least  has 
derived  but  little  profit  from  these  disputes,  because  they  have 
produced  only  a few  new  facts.  According  to  de  Saussure's 
experiments,  plants  do  absorb  alkaline  humates.  One  of  his 
experiments  was  as  follows  (Annalen  der  Chemie  und  Phya, 

* Liebig,  Die  Organische  Chemie,  in  ihre  Anvendong  tnf  Agricultor. 

SchleidcD,  Wiesenechaftliche  BoUnik. 

Winkelblecb,  Ueber  Liebig's  Theorie  der  Pflsnzen'.omlihmng. 

Schleiden,  Offena  Sendschreiben  an  Dr.  J.  Liebig,  1842. 

Do  Sauaeurc,  Ueber  die  EmSbning  der  Pflanzen,  Annalen  der  Chemie  and 
Phannacie,  Jnni,  1842,  p.  275. 

Hugo  Mohl,  Dr.  Justus  Liebig^s  Vcrhliltuiss  zur  Fflanzenphysiologie. 
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June  1842,  p.  278).  The  root  of  apanlen  bean  was  introduceil 
into  a tube  which  was  22  millimetres  wide,  and  15U  milli- 
metres long.  This  tube  contained  an  aqueous  solution  of 
0.070  grma  of  humate  of  potash,  representing  0.018  grma  of 
humic  acid.  After  a fortnight  the  weight  of  the  plant  had 
increased  from  11  to  17  grms.  It  had  absorbed  135  grms.  of 
liquid,  the  liquid  that  had  disappeared  from  the  tube  being 
daily  replaced  by  distilled  water.  The  liquid  remained  clear; 
the  plant  had  pushed  its  roots  to  the  liottom  of  the  tube 
The  root  was  white,  and  the  colour  of  the  liquid  had  become 
much  lighter.  On  evaporating  the  liquid,  0.020  grms.  of 
humate  of  potash,  containing  0.009  grms.  of  humic  acid, 
were  left  behind.  One  half,  therefore,  of  this  acid  had  dis- 
appeared.* 

These  and  other  experiments  have  induced  de  Saussure  to 
assert  that  humic  acid,  when  in  a state  of  solution,  and  com- 
bined with  alkalies,  dues  actually  decrease  when  plants  are 
growing  in  it.  But  this  does  not  prove,  in  the  first  place, 
that  the  plants  were  nourished  by  it  alone.  As  the  plant, 
replete  with  moisture,  which  de  Saussure  employed  in  his 
experiments,  gained  6 grms.  in  weight,  the  quantity  of  9 
milligrms.  of  organic  constituents  absorbed  in  a fortnight  is 
very  small.  The  carbonic  acid  and  ammonia  from  the  atmo- 
sphere, which  were  absorbed  by  the  liquid,  might  and  xery 
likely  did  contribute  to  impart  to  the  plant  those  solid  con- 
stituents which — although  it  cannot  with  probability  be  as- 
certained from  the  way  in  which  the  experiment  was  made — 
might  certainly  have  been  more  than  9 milligrma  in  weight. 

But,  in  the  second  place,  the  decrease  in  the  quantity  of 
soluble  humus  does  not  prove  that  it  has  been  taken  up  wi- 
ehanped.  It  is  very  possible  that  it  was  jtreviously  decom- 
posed, for  instance,  into  carbonic  acid,  and  that  in  this  state 
it  was  supplied  to  the  roots.  This  is  the  very  }x>int  which 
needs  investigation.  It  must  be  ascertained  whether  plants 

• Hartig,  and  aftenrard*  Unger,  have  awertod  (Flora,  1812),  that  hamate 
potaah  ia  igjurioua  to  plant«.  If  thU  were  the  ease, it  would  be  im{xw«iMe  Ukat 
any  plant  could  grow  at  present  on  the  surface  of  the  earth.  It  ia  i»oom{ire 
henaiblc,  that  when  auch  reaulta  are  obtained  from  crprrimfnU,  it  ahonld  net 
be  clearly  perceived  that  the  expcrimenta  thcmaclTca  must  be  defectlre. 
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G&n  take  up  as  food  anything  else  than  carbonic  acid  and 
ammonia.  It  has  been  stated  that  plants  cannot  live  upon  a 
solution  of  carbonate  of  ammonia  in  water,  but  this  is  no 
proof  A small  excess  of  ammonia  may  even  be  poisonotis  to 
planta  Besides,  it  is  indispensable  to  the  growth  of  plants, 
that  part  of  the  food  supplied  should  be  given  to  the  roots, 
as  carbonic  acid  and  ammonia,  in  the  nascent  state.  Finally, 
it  is  possible  that  the  presence  of  organic  substances  in  the 
soil,  although  not  indispensable  for  some  plants,  is  absolutely 
necessary  for  others. 

Every  experiment  made  in  a manner  similar  to  those  of 
de  Saussure,  would  thus  be  liable  to  objections  which  cannot 
be  entirely  got  rid  of,  because  it  is  impossible  to  show  the 
presence  of  humic  acid,  &a,  in  the  roots  of  plants.  In  addi* 
tion  to  these  experiments  of  de  Saussure,  we  may  refer  to 
others  by  Wiegmann,  showing  how  important  organic  food 
is  to  the  growth  of  plants.* 

He  sowed  seeds  of  Nicotiana  tabacura  and  Lupinus  luteus 
in  pots,  of  which  one  set  contained  an  artificial  soil,  in  which 
were  all  the  inorganic  substances  required  by  the  plants, 
without  any  organic  matter ; whilst  the  other  set  contained 
garden  mould.  The  first  were  moistened  with  water  con- 
taining carbonic  acid,  the  second  with  rain  water.  The 
seeds  that  were  sown  in  garden  mould,  came  up  more  ra- 
pidly, the  plants  were  more  develqped,  and  lived  longer  than 
those  in  the  artificial  soil 

Wiegmann  repeated  these  experiments  with  various  other 
plants, — such  as  Caluna  vulgaris,  Mentha  crispa,  Polygomura 
fagopyrum.  Lychnis  fios-cuculi,  Parnassia  palustris,  and  Car- 
damine  pratensis, — and  uniformly  obtained  the  same  results ; 
namely,  that  the  artificial  soil,  composed  entirely  of  inorganic 
substances,  and  with  distilled  water  alone  employed,  con- 
trasted strongly  as  to  its  effect  with  that  containing  humus 
or  organic  compounda 

These  experiments,  however,  are  open  to  the  same  objec- 
tion as  those  of  de  Saussure,  since  they  leave  the  question 
undecided,  whether  the  organic  food  may  not  first  have  been 

* Botan.  ZeituDg,  24  Nor.  1843. 
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decomposed  into  carbonic  acid,  ammonia,  and  water,  wbicli 
therefore,  might  really  have  served  as  food  for  the  plants. 

But  there  are  indirect  proofs  that  plants  do  actually  take 
up  and  assimilate  humates, — that  is,  humic  acid  combined 
in  the  soil  with  potash,  &&,  and  especially  with  amnaonia, 
; — and  that  from  these  compounds  vegetable  substances  are 
produced.  As  such  proofs  I mention  the  following; — 

1°  Plants  absorb  a variety  of  saline  solutions  from  the  soil, 
transfer  them  into  their  own  organism,  and  assimilate  the 
salts,  such  as  carbonate  of  lime,  magnesia,  sulphates,  chlo- 
rides, silicates,  &c.  There  is  no  reason,  therefore,  why  they 
should  not  also  absorb  humates,  &c,  these  salts  being  always 
present  in  arable  soil. 

2°  Even  solutions  of  poisons  are  taken  up  by  planta 

3°  Coloured  liquids  may  spread  through  the  whole  plant, 
which  may  thus  have  an  artificial  colour  imitarted  to  them 
— provided  the  colouring  matters  are  in  a state  of  sufficiently 
fine  division  to  pass  through  the  ceUular  membranes. 

4”  If  the  dark  coloured  humates  are  absorbed  by  plants — 
wbicli  is  probable  both  from  the  above  experiments,  and  from 
I,  2,  and  3 — the  plants  must  either  be  darkened  by  the  colour 
of  the  humates,  or,  if  not,  the  humate  ammonia,  must 
be  deccMnposed,  and  its  elements  assimilated  by  the  plant 
Now  the  lattm-  is  never  seen  to  be  coloured  by  humates ; not 
even  a trace  of  them  con  be  thus  detected  in  the  white  roots 
of  plants,  whilst  a number  of  colouring  matters,  in  which 
plants  are  made  to  grow,  are  distinctly  p^ceptible  in  these 
roots. 

6°  Mater  aceti,  the  fungus  which  forms  in  vinegar — a 
plant  of  which  we  will  treat  hereafter — and  the  plants 
named  before,  p.  651-664,  are  decidedly  not  nourished  from 
carbonic  acid  and  ammonia,  but  from  dissolved  organic  food. 
It  being  proved  that  one  plant  may  be  produced  from  other 
substances,  the  same  is  likely  to  be  the  case  with  other  plants. 

Some  of  these  points  require  a more  detailed  consideration. 
With  regard  to  the  first,  second,  and  third,  we  have  seen 
before,  p.  625,  that  plants  absorb  all  sorts  of  salts,  none  of 
them  being  excluded,  although,  according  to  Trinchinettl 
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and  others,  they  are  not  all  transmitted  in  the  same  proportion. 
This,  however,  is  not  known  to  be  the  case  with  membranes- 

Payen  has  instituted  the  following  experiments  regarding 
the  absorption  of  tannic  acid.  They  deserve  particular  atten* 
tion,  because  this  acid  is  an  organic  substance,  and  it  being 
once  proved  that  such  a substance  can  be  absorbed,  it  will  be 
difficult  to  deny  this  property  to  the  five  oiganic  acids  in  the 
soiL 

Having  remarked,  that  even  a very  weak  solution  of  tan- 
nic acid  is  injurious  to  plants,  Payen*  specially  examined  the 
spongioles  for  nitrogen,  and  found  that  they  always  contain 
it  in  large  quantity,  so  as  even  to  produce  an  ammoniacal 
liquid  on  being  submitted  to  destructive  distillation.  When, 
on  the  other  hand,  the  young  roots  were  deprived  of  their 
extremities,  they  were  found  to  contain  so  small  a quantity 
of  nitrogenous  substances,  that  by  destructive  distillation 
they  yielded  an  acid  liquid,  showing  that  the  quantity  of 
ammonia  they  produced  was  insufficient  to  saturate  the  acetic 
acid.  This  acid  reaction  became  stronger,  as  the  part  ex- 
amined was  taken  at  a greater  distance  from  the  lowermost 
or  youngest  part  of  the  fibrillse. 

Viewing  this  in  connection  with  the  reaction  which  tan- 
nic acid  has  upon  the  youngest  extremities  of  the  roots — 
which  are  all  quickly  rendered  brown  by  it — we  perceive  that 
these  extremities  contain  a certain  quantity  of  an  oiganic, 
nitrogenous  body,  a proof  that  this  body  is  formed  on  the 
spot  from  the  food  thus  absorbed  ; — but  we  perceive  at  the 
same  time,  that  tannic  acid  actually  enters  into  the  cells  of 
the  fibrillsB  of  many  R<»aceas,  of  which  the  leaves,  stems, 
and  even  roots,  contain  tannic  acid,  and  yet  these  fibrillte 
were  equally  injured  by  the  weak  solution  in  which  they 
were  placed,  as. those  of  plants  in  which  tannic  acid  did  not 
exist.  Consequently,  the  extreme  fibrillse  of  plants  which 
contain  tannic  acid,  are  themselves  free  from  this  acid. 
When  submitted  to  destructive  distillation,  they  also  yielded 
much  ammonia,  and  therefore  they  also  contain  some  nitro- 
genous body  in  excess. 

■ M^moire*  sur  tei  DcTelopfKment  de«  Vi'^i'Uuz,  p.  7. 
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This  shows  that  the  organic  food  which  is  siqiplied  to 
plants,  although  actually  entering  into  the  fibrilhe,  must, 
from  the  vety  beginning — after  having  entered  into  the 
plant — be  elaborated  and  then  transferred  to  other  parts  in  a 
soluble  state. 

Payen  obtained  the  same  results  from  water-roots  and  air- 
roots.*  I consider  these  experiments  very  important  They 
show  that  the  tannic  acid,  offered  to  plants,  actually  acts 
upon  the  protein  of  the  youngest  cells  of  the  fibrille,  in 
which  tannate  of  protein — a body  which  readily  assumes  a 
brown  colour — is  produced.  This  action,  and  therefore  this 
combination,  cannot  be  effected,  unless  the  tannic  acid  has 
penetrated  through  the  cell  walls  into  the  contents  of  the 
cells  of  the  fibrillte ; that  is  to  say,  unless  this  orpante  sub- 
stance has  been  absorbed  by  the  plant.  This  being  the  case 
with  injurioiu  organic  substances,  as  proved  by  this  experi- 
ment, it  will  warrant  the  inference  that  the  same  may  take 
place  in  the  case  of  the  natural  constituents  of  the  soiL 

It  would  be  very  singular,  indeed,  if  the  organic  constituents 
of  the  soil  could  not  po^ibly  enter  into  organic  bodies,  and  if 
the  property  of  penetrating  through  vegetable  membranes 
(cell  walls)  belonged  only  to  inorganic  substances.  I should 
have  to  apologise  for  detaining  my  readers  with  these  argu- 
ments, but  that  the  idea  just  mentioned  is  adhered  to  by 
many,  on  the  ground  of  an  unproved  statement  of  Liebig's ; 
and  many  authors,  as  if  carried  along  by  a powerful  stream, 
and  having  apparently  never  for  one  moment  considered  the 
subject,  blindly  repeat  the  same  theory,  as  if  they  could  by 
their  repetitions  silence  and  contradict  the  eternal  truths  of 
Nature. 

Those  who  persist  in  arguing  that  it  has  not  been  directly 
proved  that  humates,  &c.,  do  enter  into  plants,  show  by  so 
doing  that  they  wish  to  slneld  themselves  behind  the  imposa- 
bility,  of  proving  these  facts  in  a so-called  direct  way.  If  it  is  a 

* The  nitrogenous  suhatonco  ms  coloured  by  nitrstc  of  protoxide  of  mei^ 
Cttty ; by  the  action  of  boiling  water  it  became  white  and  opaque.  It  is  soluble 
in  potash,  and  after  haring  thus  been  removed  from  the  tissue,  the  latter  has 
undergone  no  perceptible  change.  Hence  it  would  appear,  that  this  ■ubatanc* 
is  not  an  msenti^  constituent  of  tbs  tissue  of  the  extremities  of  the  roole. 
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fact,  that  the  sulphurous  acid,  which  is  disengaged  in  a manu- 
factory of  sulphuric  acid,  contributes  to  the  formation  of  the 
latter  acid,  then  it  is  also  a fact,  that  the  organic  substances 
in  the  soil  contribute  to  the  formation  of  plants. 

The  rapidity  with  which  the  humates,  &c.,  are  decomposed 
and  converted  into  other  substances,  as  soon  as  they  have 
entered  into  the  plants,  must  be  the  cause  why  their  pre- 
sence cannot  be  proved,  like  that  of  tannic  acid.  Since  the 
humates,  &c.,  are  a universal  food  for  plants,  they  must  neces- 
sarily in  every  particular  plant  give  rise  to  particular  produc- 
tions, which  differ  from  the  humates,  &&,  in  the  same  man- 
ner as  food  differs  from  that  into  which  it  is  converted.  The 
non-existence  of  ulmates,  apocrenates,  &c.,  in  plants,  is  the 
very  reason  why  they  are  to  be  called  food  foF  plants, — a 
name  which  it  would  be  wrong  to  give  them,  if  they  could  be 
traced  in  plants  unchanged. 

The  facts  that  have  here  been  mentioned,  lead  to  the  con- 
clusion, that  although  plants  absorb  carbonic  acid  and  am- 
monia through  the  soil,  the  organic  salts,  soluble  in  water  and 
alkalis,  are  likewise  taken  up  by  plants  and  changed  within 
them.  To  this  property  ammonia  owes  its  great  fertilising 
power.  Being  very  cosily  condensed  in  the  soil,  it  is  fixed 
by  the  layer  of  humus.  This  takes  place  in  small  quanti- 
ties at  a time,  whilst  the  ulmates,  geates,  humates,  apocre- 
nates, and  crenates  of  ammonia,  potash,  &c.,  ore  no  sooner 
formed  than  absorbed.  Hence  it  is,  that  a soil,  rich  in  ulmic, 
humic,  and  geic  acid,  can  yield  but  little  ammoniacol  salt  to 
water.  And  the  reason  why  animal  manures,  especially 
urine,  meat,  &a,  are  so  valuable  for  the  nourishment  of 
plants  is,  that  they  yield  to  the  latter  not  only  ammonia, 
but  at  the  same  time  humic  acid  0*2). 

It  is  now  proper  to  call  attention  to  an  important  servise 
performed  by  the  organic  constituents  of  the  soil  in  combina- 
tion with  ammonia  It  is  now  ascertained  that  within 
plants  organic  groups  ore  frequently  re-arranged  and  con- 
verted into  other  compounda  If  such  organic  grou{>s  are 
already  found  in  the  food,  they  will  more  readily  give  rise 
to  a complex  combination,  than  when  the  latter  is  to  be 
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produced  from  carbonic  acid,  water,  and  ammonia.  Pro- 
tein is  found  in  the  very  extremities  of  the  roots.  This 
protein  is  formed  directly  from  the  food  that  has  been  ab- 
sorbed from  the  soil  If  the  untangible  ghostlike  principle 
(vital  force),  which  is  here  so  very  eagerly  introduced,  is 
set  aside,  we  can  only  have  recourse  to  the  mutual  action  of 
the  particles  of  matter,  to  account  for  the  active  cause  which 
is  at  work  in  these  extreme  parts  of  the  roots.  If  we  further 
introduce  a principle,  which  is  generally  acknowledged  as 
operative  in  the  conversions  of  matter  in  the  vegetable  king- 
dom, viz.,  a tendency  to  disengage  oxygen  from  its  combina- 
tions, we  are  able  to  form  such  an  idea  of  the  way  in  which 
this  protein  is  produced  in  the  extremities  of  the  roots,  as 
cannot  be  fit  removed  from  the  truth.  It  may  be  represented 
as  formed  from  humic  acid  and  ammonia,  although  I cannot 
give  this  view  as  the  real  one,  because  I have  not  yet  seen 
protein  produced  in  such  a way. 

One  equivalent  of  humic  acid,  four  equivalents  of  water, 
and  five  equivalents  of  ammonia,  could  produce  one  equiva- 
lent of  protein ; whilst  four  equivalents  of  oxygen  would  be 
disengaged. 

C H N 0 

1 Equiv.  of, humic  acid,  40  12  — 12 

5 Equiv.  of  ammonia,  — 15  5 — 

•4  Equiv.  of  water,  * — 4 — 4 

1 Equiv.  of  protein,  40  31  5 12  -1-0* 

Now  an  absorption  of  humate  of  ammonia  by  'the  plant 
does  actually  take  place,  and  the  elements  of  this  com- 
pound are  re-arranged  there.  The  mode  of  conversion  just  re- 
presented, or  some  analogous  one,  is  really  worthy  of  conu- 
deration. 

In  a still  more  simple  way,  we  may  explain  the  formation 
of  the  so-called  indifferent  substances,  of  which  the  great 
bulk  of  a plant  consists,  viz.  cellnlose,  starch,  gum,  and  sugar. 

Let  us  take,  for  instance,  starch,  H'O  Qi®.  \VTien  this 
is  to  be  formed  from  humic  acid,  it  simply  needs  to  combine 
with  the  elements  of  water,  as  both  substances — starch  and 
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liumic  acid — contain  oxygen  and  liydrogcn  in  the  ratio  in 
which  they  form  water.  It  being  duly  proved  that  the  five 
organic  acids  of  the  soil  enter  into  plants,  the  formation  of 
many  substances  may  indeed  be  more  distinctly  traced  than 
can  be  done  in  regard  to  many  organic  substances  not  found 
ia  planta 

There  can,  however,  be  no  doubt  that  these  conversions 
are  sometimes  attended  by  a more  complex  change  of  mate- 
rial.s.  We  must,  moreover,  take  into  account  the  crenic  and 
apocrenic  acids  In  combination  with  ammonia  and  other 
bases,  producing  salts  which  are  soluble  in  water,  and  which, 
therefore,  mutt  be  taken  up  by  plants.  Consequently,  in 
adopting  the  scheme  by  which  I have  represented  the  for- 
mation of  protein,  we  require  to  be  equally  cautious,  as  when 
adopting,  as  is  now  dond,  that  by  which  the  decomposition  of 
amygdalin  under  the  influence  of  emulsine  is  represented. 

It  may  be  taken  os  an  unquestionable  fact,  that  if  we  fix 
our  attention  exclusively  upon  carbonic  acid  and  ammonia, 
we  overlook  part  of  the  means,  which  experience  has  shown 
beyond  doubt  to  be  employed  by  nature  in  the  maintenance 
of  the  vegetable  kingdom. 

The  difiereiice  in  the  nutritive  qualities  of  different  soils 
is  undoubtedly  in  great  part  owing  to  the  kind  of  ulmic, 
humic,  or  geic  acid,  which  they  contain.  Peat,  which  is  so 
rich  in  humus,  is  almost  unfit  to  be  food  for  plants ; and  yet 
it  consists  either  of  ulmic  or  humic  acid.  If  its  natural  de- 
composition and  subsequent  conversion  into  carbonic  a^id 
are  beneficial,  turf  ought  to  be  very  useful  as  food  for  plants, 
either  alone  or  mixed  with  nitrogenous  substancea  But  this 
is  not  the  case,  although  turf  condenses  ammonia ; and  hence 
it  follows  that  neither  carbonic  acid  and  ammonia  only  are 
always  sufficient,  nor  that  every  kind  of  humic  acid  is  adapted 
for  the  nourishment  of  plants.  With  regard  to  the  insoluble 
organic  substances  which  are  present  in  the  soil,  viz.,  humin 
and  nlmin,  they  are  gradually  converted  into  the  soluble  ullnic, 
humic,  geic,  apocrenic,  and  crenic  acids  (Chapter  V.)  by  suc- 
cessive decompositions.  When  arable  soil  is  thoroughly  washed 
with  water,  so  as  to  free  it  from  every  soluble  ingredient, 
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and  is  then  kept  for  some  time,  it  has  again  acquired  sub- 
stances soluble  in  water,  and  also  ammonia. 

I have  still  the  final  remark  to  add,  that  I have  frequentlj 
observed  how  very  rapidly  mould  plants  are  produced  in 
moist  humate  of  ammonia,  showing  that  this  substance 
surpasses  many  others  in  the  faculty  of  supporting  vegeta- 
tion ; and  that,  therefore, — keeping  out  of  view  the  way  in 
which  it  does  so, — its  presence  in  the  soil  is  by  no  means  un- 
important as  regards  the  growth  of  planta 

When  we  consider  the  chemical  composition  of  those 
plants  which  could  not  derive  any  nutriment  from  the  soil- 
many  varieties  of  lichens,  for  instance, — we  perceive  that  they 
do  not  contain  a large  quantity  of  nitrogenous  substances 
This  is  an  additional  support  to  the  assertion,  that  although 
the  nitrogen  is  usually  supplied  to  plants  in  the  form  of  am- 
monia, it  is  not  as  carbonate,  but  either  as  humate,  or  as 
crenate  or  apocrenate  of  ammonia ; for  these  lichens  couU, 
like  every  other  plant,  absorb  carbonic  acid  and  anunonia 
from  the  atmosphere. 

I have  instituted  some  experiments  in  r^ard  to  the  nutri- 
tive qualities  of  the  several  constituents  of  the  soil*  It  is  dif- 
ficult, however,  to  make  experiments,  with  the  view  of  inves- 
tigating whether  the  organic  constituents  of  the  soil  are  taken 
up  by  the  plants  unchanged.  This  arises  chiefly  from  the  dif- 
ficulty of  supplying  the  plants,  with  which  the  experiments 
are  made,  with  the  same  quantity  of  food,  and  when  there  is 
either  too  much  or  too  little,  the  results  obtained  admit  of 
no  mutual  comparison. 

A number  of  gloss  vessels,  all  of  the  same  size,  were  pla- 
ced in  an  uninhabited  and  secluded  apartment,  not  exposed  to 
any  exhalationa  Five  of  these  were  filled  with  coarse 
sand,  which  had  been  previously  well  washed ; and  five  moR 
with  a mixture  of  the  same  sand  and  one  per  cent  of  com- 
mon wood  ashes.  Other  sets,  each  of  five,  were  filled  with 
this  latter  mixture,  to  which  was  added  besides  five  per  ceit 
of  different  constituents  of  the  soil,  or  at  least  of  such  aswcR 
of  sufficient  importance  to  bo  experimented  with.  The  «»• 

* Schcikundige  OndcrxotkingCQ,  P.  U.  p.  1^. 
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tentA  of  all  the  vessels  were  kept  moist  by  adding  pnre  dis- 
tilled water. 

In  each  set  of  five  vessels  I sowed — 

Ho.  1.  Brown  beans. 

Nol  2.  White  beana 
No.  3.  Green  peaa 
No.  4.  Barley. 

No.  6.  Oats. 

They  were  allowed  to  grow  for  one  month,  from  16th  May 
till  16th  June,  and  then  the  following  results  were  noted 
with  regard  to  the  development  of  the  several  seeds : — 

1st  set  Sand  and  rain  water. 

The  seeds  had  grown  very  poorly  ; the  plants  hardly  at- 
tained the  height  of  4 inchea  A month  later  they  had  nearly 
all  withered. 

2d  set  Sand,  ashes,  and  rain  water. 

No.  1 did  not  grow.  No.  2 very  much  behind.  No.  8 to- 
lerably developed.  No.  4 very  imperfectly.  No.  5 a little 
better,  but  still  imperfectly. 

Sd  set  Sand,  ashes,  and  ulmic  acid  from  sugar,  with  dis- 
tilled water. 

No.  1 grew  imperfectly.  No.  2 pretty  well  No.  3 very 
well  No.  4 did  not  grow.  No.  6 very  well. 

4th  set  Sand,  ashes,  and  apocrenate  of  ammonia  from 
sugar,  with  distilled  water. 

No.  6 was  the  only  one  that  grew,  although  very  weakly. 

5th  set  Sand,  ashes,  and  humate  of  ammonia  &om  garden 
mould  (ammoniacal  extract  of  humus),  with  distilled  water. 

None  had  grown. 

6th  set  Sand,  ashes,  and  humic  acid  from  garden  mould, 
with  distilled  water. 

No  1 grew  very  beautifully.  No.  2 did  not  grow.  No.  3 
imperfectly  developed.  No.  4 did  not  grow.  No.  6 pretty 
well  developed. 

7th  set  Sand,  ashes,  aqueous  extract  of  humus,  with  dis- 
tilled water. 

Na  1,  2,  3,  and  5 did  not  grow.  No.  4 imperfectly. 

8th  set  Sand,  ashes,  and  ulmate  of  ammonia  from  sugar, 
with  distilled  water. 
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Na  1,  S,  S,  and  5 very  beautifully  developed.  Na  4 im- 
perfectly. 

9th  set  Sand,  ashes,  and  hamate  of  ammonia  frmn  iurt, 
with  distilled  water. 

No.  1,  2,  3,  and^  very  beautifully  developed.  No.  4 did 
not  grow. 

10th  set  Ordinary  soil,  in  vessels  of  the  same  size,  with 
distilled  water. 

The  results  were  exactly  the  same  as  those  of  the  last  men- 
tioned experiment 

11th  set  Charcoal,  previously  heated  to  redness  and  con- 
verted into  a coarse  powder,  with  ashes  and  distilled  water. 

All  the  plants  grew,  but  far  less  developed  than  in  the 
three  last  experiments. 

When  looking  at  the  results  of  these  experiments,  and  set- 
ting aside  those  substances,  which  from  some  cause  or  other 
were  injurious  to  vegetation  (Exp.  4 and  5),  we  perceive : 

1st  That  rain  water  and  atmosphericair  are  not  a suiEdent 
food  for  plants,  because  inorganic  substances  are  wanting. 

2d.  That  rain  water,  ashes,  and  atmoq>heric  air  are  likewise 
insufficient 

3d.  That  aqueous  extract  of  humus  contains  too  little 
organic  matter  to  yield  to  plants  what  they  require 

4th.  That  ulmic  acid  from  sugar,  although  it  contains  no 
nitrogen,  is  actually  beneficial  to  plantSL 

5th.  That  humic  acid  from  garden  mould  is  very  usdiil  to 
the  growth  of  plants. 

6th.  That  ulmate  of  ammonia,  both  that  prepared  from 
sugar  and  that  from  the  acid  of  turf,  assists  the  full  develop- 
ment of  plants. 

7th.  Finally,  that  charcoal  and  ashes  are  less  useful  in  the 
growth  of  plants  than  either  ordinary  soil  or  the  substances 
mentioned  under  5 and  6. 

Besides  the  reasons  mentioned  before,  and  also  at  p.  113, 
to  prove  the  utility  of  the  organic  constituents  of  the  soil.  I 
have  to  speak  of  one  more  which  is  of  the  highest  import- 
ance, viz.,  the  production  of  ammonia  from  the  constituents 
of  the  atmosphere, — a combination  of  the  elements  of  the 
atmosphere,  which  is  but  slowly  effected  without  the  aid  of 
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Tegetation,  but  which,  when  assisted  by  it,  takes  place  with 
great  energy  in  th^  ulmic  and  humic  bodiea  This  is  ded' 
sively  proved  by  the  following  experiment : — It  was  made 
with  beans,  which  had  germinated  in  an  atmosphere  void  of 
ammonia,  and  grown  in  ulmic  acid,  prepared  from  sugar,  and 
also  free  from  ammonia,  and  in  charcoal,  both  being  moistened 
with  distilled  water,  free  from  ammonia.  The  ulmic  acid  and 
the  charcoal  were  severally  mixed  up  with  1 per  cent,  of 
wood  ashes,  to  supply  the  germihating  plants  with  inorganic 
substances  (Scheik.  Onderz.  Deel  II.,  p.  185).  I determined  the 
proportion  of  nitrogen  in  three  beans,  and  also  in  the  plants 
that  were  produced  by  three  other  beana  The  results  were 
as  follows : — 

White  beans  in  ulmic  acid.  Brown  beans  in  charcoaL 
Weight  Nitrogen.  Weight.  Nitrogen. 
Beans,  1.465  50.  cub.  centim.  1.277  27.  cub.  centim. 

Plants,  4.167  160.  a a 1.772  54.  c.  c. 

The  white  beans,  therefore,  whilst  growing  into  plants  in 
substances  and  an  atmosphere,  both  of  which  were  free  of 
ammonia,  had  obtained  more  than  thrice  the  quantity  of 
what  had  originally  existed  in  the  beans;  in  the  brown  beans 
the  original  quantity  was  doubled. 

One  of  the  grounds  upon  which  Ingenhousz,  and  after  him 
Liebig,  assumes,  that  organic  substances  cannot  be  absorbed 
as  such  by  plants,  requires  particular  consideration.  It  is, 
as  I have  mentioned  before,  that  the  humic  substances  in  the 
soil,  by  taking  up  oxygen,  are  completely  converted  into 
carbonic  acid,  and  that  consequently  organic  substances 
cannot  be  supplied  to  planta  I have  not  been  able  anywhere 
to  find  either  an  experiment  or  an  observation,  to  prove  that 
this  is  a fact,  and  there  is  no  reason  whatever  to  assume 
that  the  organic  salts  soluble  in  acid, — viz.,  ulmates,  humates, 
geates,  apocrenates,  and  crenates  of  ammonia,  potash,  soda, 
&C.,  could  not  yield  carbonic  acid,  and  at  the  same  time, 
whilst  in  a soluble  state,  be  absorbed  by  the  roots  of  plants. 
The  one  does  not  certainly  exclude  the  other. 

The  reasons  that  can  be  deduced  from  the  observations  of 
de  Saussure — viz.,  that  a soil  yields  a quantity  of  carbonic 
acid  equal  to  that  of  the  oxygen  absorbed — are,  in  my  opi- 
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nion,  of  no  value.  First,  I have  shown  (p.  172),  that  de 
Saussure's  experiments  cannot  be  correct ; and  secondly,  they 
have  not  been  confirmed  by  other  experimenta  I shall  here 
mention  some  of  my  own,  of  which' the  result  appears  to  give  a 
negative  answer  to  the  proposed  question.  They  were  made 
with  arable  soil,  ulmate  of  ammonia  (the  acid  being  prepared 
from  sugar,  saturated  with  ammonia,  and  then  evaporated  to 
dryness),  and  apocrenate  of  ammonia  (the  acid  was  prepared 
from  ulmic  acid  by  means  of  nitric  acid,  and  saturated  with 
ammonia). 

The  soil,  which  contained  a large  quantity  of  organic  sub- 
stances that  had  been  completely  converted  into  humus, 
was  moistened  with  a little  water.  The  two  latter  ingre- 
dients (ulmate  and  apocrenate  of  ammonia)  were  moistened 
in  the  same  way,  and  mixed  besides  with  eight  times  their 
weight  of  thoroughly  washed  quartz  sand.  Each  mixture 
was  placed  in  a dish,  under  an  inverted  tubulated  bell  glass, 
which  was  closed,  air  tight,  with  a glass  plate.  An  open  bent 
tube  was  fixed,  also  air  tight,  in  the  neck  of  the  bell  glass 
The  under  part  of  the  tube  was  placed  in  mercury,  and  thus 
secluded  from  the  air.  The  experiment  was  made  in  August, 
and  the  whole  left  to  itself  at  a temperature  of  about  62°  F., 
and  at  a barometric  pressure  of  about  745.7  millimetrea 

After  the  lapse  of  a fortnight  we  could  perceive  in  each 
apparatus  that  the  mercury  ascended  in  the  tube,  which 
could  not  have  taken  place  if  the  quantity  of  oxygen  ab- 
sorbed had  not  exceeded  that  of  the  carbonic  acid  produced. 
The  mercury  continued  to  rise,  and  after  three  months  it 
bad  reached  in  the  apparatus  containing  the  soil  a height  of 
1 decimeter  (about  4 inches)  ; in  the  two  others  it  was  a 
little  lesa  Accidentally,  however,  I was  prevented  from  longer 
continuing  the  whole  of  these  experiments  ; but  that  with  the 
soil  showed,  in  the  month  of  July  in  the  ensuing  year, — that 
is  a period  of  eleven  months,  including  three  severe  winter 
months, — a rise  of  the  mercury  to  a height  of  166  millim. 
at  a temperature  of  about  60°  F.,  and  a barometric  pressure 
of  764  millim.  After  the  introduction  of  caustic  potash  into 
the  tube,  the  volume  of  the  air  in  the  apparatus  fell  by  20 
millimetres. 
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I consider  this  experiment  one  of  much  importance.  First, 
it  shows  the  incorrectness  of  the  theory  of  Saussure,  re- 
garding which  1 stated  my  doubts  at  p.  172,  viz.,  that  al- 
though the  soil  absorbs  oxygen,  it  yields  an  equal  quantity 
of  carbonic  acid  instead ; it  being  now  proved  on  the  con- 
trary that  the  soil  continually  absorbs  oxygen. 

The  amount  of  oxygen  which  is  thus  absorbed  by  a very 
small  quantity  of  soil  (I  estimate  the  quantity  of  organic 
substances  which  I employed  at  3 or  4 grma,  and  the  volume 
of  the  bell  glass  at  3 litres),  is  indeed  astonishing ; for  166 
is  to  746  in  the  ratio  of  1 : 4.5.  This  shows  that  if  no  nitro- 
gen had  been  absorbed,  nearly  the  whole  of  the  oxygen  was 
condensed  in  the  soil,  and  only  replaced  by  a small  quantity 
of  carbonic  acid. 

I am  now  repeating  these  experiments,  and  shall  revert  to 
them  hereafter.  They  will  afford  me  a fit  opportunity  still 
further  to  confirm  my  opinion,  that  nitrogen  is  condensed  in 
the  soil 


G.  Carbonic  acid,  water,  and  ammonia,  supplied  by  the  roots  or 
leaves,  and  considered  as  food  for  plants. 

From  what  has  been  stated  above,  it  may  be  considered  as 
proved  that  plants  which  are  fixed  in  the  soil  extract  from 
it  both  inorganic  and  organic  salts,  and  that  Thomson  is  in- 
correct in  saying  (Annalender  Chem.  und  Pharm,  Mai  1845. 
8.  234),  “ It  is  known  that  Liebig  has  proved  the  fallacy  of 
the  opinion,  that  in  the  nutrition  of  plants  the  humus  itself 
should  have  any  influence,  and  that  he  has  settled  this  point  by 
a reduetio  ad  absurdum.”  We  have  still  to  consider  three 
other  substances  which  are  of  importance  to  the  growth  of 
plants,  viz.,  carbonic  acid,  ammonia,  and  water. 

We  have  said  enough  of  the  latter  substance  in  the  fourth 
section.  There  is,  however,  one  point  more  we  have  to  con- 
sider regarding  the  connexion  between  water  and  the  growth 
of  plants.  We  shall  not  inquire  wliether  it  dissolves  sub- 
stances, and  thus  conveys  them  to  plants  as  food,  nor  whether 
it  serves  as  the  primary  agent  of  the  change  of  materials  in 


Digitized  by  Coogle 


67(5 


THE  CHEMISTRY  OF 


plants,  and  whilst  forming  various  combinations  with  sub- 
stances newly  produced,  eliminates  others  with  which  it  was 
combined ; but  whether  or  not  water  is  itself  decomposed 
during  the  growth  of  planta 

The  question,  as  it  is  put  here — and  it  is  thus  asked  in  the 
science  of  the  present  day — cannot  be  answered.  There  can 
be  no  doubt,  however,  as  to  the  fact,  that  the  elements  of 
water  enter  into  combination  with  organic  substances  in 
plants,  and  thus  cease  to  appear  as  water  ; and  further,  that 
these  new  substances  are  again  ca{>ablc  of  undergoing  decom- 
position, that  they  can  give  oiT  oxygen,  and  thus  cause  the 
hydrogen,  which  was  originally  derived  from  the  water,  to 
remain  behind  in  the  planta  That  this  is  actually  the  case, 
is  apparent  from  the  ethereal  oils,  resins,  &c.,  if  we  merely 
calculate  the  amount  of  the  various  nutritive  principles  which 
are  supplied  to  plants. 

It  follows  from  experiments  of  Chevandier,*  mentioned 
below,  that  in  two  forests,  of  which  he  analysed  the  wood,  26 
kilograms  (about  53  Iba)  of  hydrogen  per  hectare  (about  2^ 
acre^  are  yearly  produced  from  the  decomposition  of  water, 
and  contribute  as  an  organic  element  to  the  formation  of  new 
parts  of  plants. 

It  is  placed  beyond  doubt,  by  a number  of  experiments  and 
observations,  that  carbonic  acid  actually  influences  the  growth 
of  those  plants,  which  we  class  with  such  as  absorb  organic 
substances  from  the  soil.  Schleiden  observed,  that  in  the 
valley  of  Gottingen,  especially  in  the  basin  of  the  Wehndcr 
papermill,  vegetation  commences  some  weeks  earlier  in  spring, 
and  continues  later  in  autumn,  than  in  other  parts  of  the 
same  region.  The  springs  on  this  peculiar  spot  contain  a 
kind  of  water,  which  is  abundantly  impregnated  with  carbonic 
acid.’f 

Numbers  of  similar  observations  might  l>e  quoted,  but 
independent  of  them,  it  is  an  established  fact,  that  the  car- 
bon of  the  wood  of  forests  increases  solely  from  the  carbt>nic 

* Ann.  deChem.  et  de  Phj-g.,  Fcbr.  1844,  p.  162.  The  obsenations  of  Che- 
randier  regarding  the  influence  of  water  on  the  growth  of  woody  plants  may 
be  further  consulted  in  Comptes  Rendus,  15  Juillot,  1844,  p.  1C7. 

+ Meyen's  Jahresbericht,  1837,  p.  26. 
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acid  of  the  atmosphere,  and  that  the  increase  of  the  carbon 
in  plants,  growing  on  a soil  which  contains  but  little  organic 
matter,  is  attributable  to  the  same  sourca  In  order  to  make 
this  quite  clear,  I shall  communicate  Chevandier’s  experi- 
ments (b  b). 

He  has  stated  how  much  wood  is  obtained  from  forests 
where  nothing  is  applied  to  the  soil,  and  which  are  cut  at 
regular  intervals.  From  the  composition  of  the  wood,  the 
extent  of  the  forests,  and  the  produce  in  a given  period,  he 
has  calculated,  that  from  two  large  forests  there  are  annually 
obtained,  per  hectare, 

Carbon.  Hydrogon.  Kltrogon.  Oxygen.  Aah. 

1st  forest,  l754kilogr  213  33  1507  48 

2d  forest,  1854  225  36  1586  53 

These  quantities,  which  agree  with  those  iprmerly  found  by 
Boussingault  (Ghevandier  calculated  the  yearly  produce  of  the 
dry  wood  to  be,  per  hectare,  3650  kilogrammes),  show,  among 
other  facts,  what  an  astonishing  quantity  of  carbonic  acid  is 
supplied,  as  the  carbon  of  these  forests  can  only  have  been 
derived  from  the  atmosphere  According  to  these  observa- 
tions, a prism,  of  which  the  basis  was  equal  to  a hectare,  and 
the  summit  reached  to  the  extreme  limits  of  the  atmosphere, 
would  yearly  yield  to  the  wood  l-9th  part  of  its  carbon,  viz., 
l-9th  of  16,900  kilograms  of  carbon.*  Consequently,  if  the 
whole  world  were  covered  with  such  forests,  and  the  carbonic 
acid  absorbed  were  not  reproduced,  the  atmosphere  would, 
in  nine  years,  have  lost  the  whole  of  it. 

But  in  the  region,  to  which  the  determinations  of  Chevan- 
dier  refer,  vegetation  continues  only  for  five  months,  viz.,  from 
the  end  of  April  to  the  end  of  September,  for  then  the  leaves 
grow  yellow.  In  a period,  therefore,  of  about  150  days,  the 
quantity  of  carbon  condensed  from  the  atmosphere  by  one 
hectare  of  forest,  amounts  to  1800  kilograms,  that  is,  12  per 
day.  Taking  the  average  height  of  each  tree  at  20  metres 
(about  23  yards),  and  supposing  there  is  a perfect  calm,  the 

* Tb«  proportion  of  carbonic  acid  in  the  air,  ia  taken  at  part.  A 

priam  of  atmoepberic  air,  of  which  the  basia  k equai  to  an  hectare,  weight 
103,800,000  kiiograma. 
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prliim  of  air,  of  one  hectare  at  the  base,  and  23  yards  high, 
containing  32  kilograms  of  carbon,*  will  lose  per  day,  ^ or  ? 
of  its  carbonic  acid  by  Weight 

It  follows  from  this,  that  lofty  trees  and  those  which  are 
planted  wide  that  the  air  may  move  freely  between  them,  will 
grow  much  more  luxuriantly  than  those  which  are  smaller, 
and  planted  close  together. 

The  data,  therefore,  here  mentioned,  will  differ  with  these 
conditions,  but  they  will  also  be  modified  by  the  nature  of  the 
wood,  the  region  of  the  earth,  and  many  other  circumstances. 

But  besides  the  food  supplied  by  the  roots,  there  is  still  a 
totally  different  source  of  nutriment  It  is  an  undoubted 
fact,  that  the  parts  that  become  green,  absorb  carbonic  acid, 
and  emit  chiefly  oxygen  in  its  place.  This  is  actually  a two-fold 
function  ; for  there  is  no  connexion  between  the  absorption 
of  carbonic  acid,  and  the  emission  of  oxygen.  The  first  is  an 
independent  function,  regulated  by  the  same  laws  as  those 
which  r^ulate  the  absorption  of  gases  by  liquids ; whilst 
the  emission  of  oxygen  is  the  result  of  a general  chemical 
conversion  of  the  vegetable  substances,  to  combinations  in  a 
lower  state  of  oxidation, — a conversion  which  the  carbonic 
acid  absorbed  likewise  undergoes.  Both  these  functions 
deserve  our  utmost  attention.  In  the  next  chapter  we  shall 
treat  of  their  real  nature,  confining  ourselves  at  present  to 
prove  that  the  leaves  absorb  carbonic  acid. 

The  following  principle  may  now  be  considered  as  suffi- 
ciently established  : — It  is  the  function  of  the  roots  to  convey  to 
the  plants  leater,  ammonia,  organic  salts,  and  a small  quantity 
of  inorganic  salts ; but  that  of  the  green  parts,  especially  of  the 
leaves,  to  increase  the  amount  of  the  non-nitrogenous  constitnetits 
of  plants,  by  the  absorption  of  carbonic  acid,  accompanied  with 
an  emission  of  oxygen. 

It  is  a fact,  established  of  old  by  the  experiments  of  Senne- 
bier  and  Spallanzani,  but  at  the  same  time  viewed  in  con- 
nexion with  the  disengagement  of  oxygen,  that  the  leaves 
absorb  carbonic  acid.  This  has  been  further  confirmed, 

* In  this  calculation  one-fourth  of  the  hectare  has  been  aubtracted,  to  allow 
for  the  apace  occupied  by  the  trcea  themaclres. 
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especially  by  de  Saussure,  and  Draper  has  placed  it  beyond 
any  doubt  by  experiments,  which  will  be  mentioned  in  the 
next  chapter.  I here  assume  it  as  a perfectly  established 
fact 

It  is  impossible  that  the  quantity  of  carbonic  acid  which, 
according  to  the  experiments  of  Chevandier  above-mentioned, 
is  absorbed  by  plants  to  such  an  extent,  that  in  one  hectare 
(24  acres)  of  land  about  4000  Iba  of  carbon  are  yearly  fixed 
in  the  soil,  should  be  supplied  to  plants  through  the  soil,  and 
it  cannot  therefore  be  conveyed  to  them  in  the  rainwater. 
One  litre  of  carbonic  acid  weighs  1.98  grms.  (about  SI  graina) 
Rainwater  contains  only  a small  quantity  of  this  gas.  If  we 
suppose  that  1 litre  of  rainwater  contains  10  cub.  centiin.  of 
carbonic  acid,*  then  in  100  litres,  there  are  present  by 
weight,  1.98  grms.  of  carbonic  acid,  or  0.54749  grma  of  car- 
bon. Consequently,  it  would  require  a quantity  of  330,000,000 
kilogr.  of  rainwater  per  hectare,  in  the  couise  of  one  year, 
to  supply  1800  kilogr.  of  carbon.  But  the  quantity  of  rain- 

* Bxperimenu  were  made  in  Utrecht,  in  1828,  with  rain-water,  collected  in 
the  month  of  June  in  that  year,  daring  a wcat  wind.  (Commentatio  de  oquii 
Rhcno-tngectinia.)  The  resnlt  was,  that  1 litre  or  1000  grms.  (35J  ounces  by 
weight)  contained  0.0037  grms.  of  carbonic  acid,  oxygen,  and  nitrogen. 

One  litre  of  this  nun-water,  therefore,  can  contain  scarcely  2 cub.  centim.  of 
carbonic  acid.  I hare  purposely  taken  five  times  this  quantity  in  the  text 

M.  von  Baumhaner  has,  at  my  request,  in  July  184S,  made  the  following 
determinations  of  the  quantity  of  carbonic  acid  in  fire  difierent  kinds  of  rain- 
water, all  of  which  had  been  for  some  time  exposed  to  the  air.  1000  grms. 
dontained,  at  32°  Fabr.  and  760  milUm.  barom.  pressure, — 

1 2 8 4 6 

4.70  eub.  centim.  4.24  c.  e.  7.98  c.  c.  8.58  c.  c.  9.09  c.  c. 
This  was  in  the  city  of  Utrecht.  In  the  country,  the  amount  of  carbonic  acid 
will  be  less.  We  see,  that  in  every  case  the  quantity  of  10  c.  c.  in  1000  grms. 
which  I have  assumed,  is  large. 

The  quantity  of  rain  is  here  calculated  for  a whole  year,  whilst  in  temperate 
and  cold  regions  plants  only  absorb  moisture  from  the  soil  during  some 
months.  This  again  greatly  reduces  the  quantity  of  carbonic  acid  that  enters 
through  the  root.  But  on  the  other  hand,  we  did  not  and  cannot  as  yet  deter- 
mine the  quantity  of  dew,  which,  however,  docs  not  penetrate  deeply  into  the 
soil,  but  chiefly  moistens  the  leaves.  If  we  suppose  the  period  during  which 
plants  absorb  water  by  the  roots  to  be  six  months,  and  the  quantity  of  dew  that 
enters  the  soil  to  be  equal  to  that  of  the  rainwater,  which  is  certainly  much 
above  the  real  quantity,  then  our  original  calculation  remains  unaltered. 

2s 
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water  that  falls  in  a year  on  a hectare  of  ground  in  the 
interior  of  Prance,*  amounts  only  to  6,500,000  kilogr^  and 
therefore  the  plants,  of  which  Chevandier  speaks,  could  have 
received  through  their  roots  only  ^ part  of  the  carbonic  acid 
which  they  require,  to  yield  their  natural  products.  I 
have  not  taken  into  account  the  quantity  of  carbonic  acid 
present  in  the  absorbed  water  that  penetrates  through  the 
soil ; but  on  the  other  hand  a much  larger  quantity  of  car- 
bonic acid  is  lost  by  the  decay  of  the  leaves  that  are  shed, 
which  causes  a great  disengagement  of  carbonic  acid  into  the 
atmosphere ; another  quantity  is  lost  from  exhalation  (see 
Draper’s  experiments  below),  whilst  a third  portion  is  disen- 
gaged into  the  atmosphere,  along  with  the  water  that  evapo- 
rates from  the  ground. 

Proceeding  from  the  experiments  of  Chevandier,  vix,  that 
1800  kilogr.  of  carbon  are  condensed  per  hectare,  1 litre  of 
rainwater  ought  to  contain  not  10  cub.  centim.,  but  500  cub. 
centim.  of  carbonic  acid,  that  is,  the  half  of  what  water  can 
absorb  at  the  ordinary  pressure. 

This  shows  most  clearly  that  the  greater  proportion  of  car- 
bonic acid  is  condensed  from  the  air  by  the  leaves,  and  that 
only  a comparatively  small  portion  is  supplied  to  plants 
through  the  rain-water  and  the  soil.  Further,  that  as  ma- 
nures are  mixed  vith  the  soil  and  act  there  advantageonsly, 
another  part  of  the  food,  vix,  the  ammonia  and  the  organic 
and  inorganic  constituents,  enters  into  the  plants  through  the 
roota  It  is  clear,  therefore,  that  there  are  actually  two 
sources  of  nutrition,  as  was  established  by  the  former  men  of 
science,  and  that  these  two  sources  enter  the  plant  from  two 
opposite  directions,  vix,  from  above  downwards  and  eior 
versa.  Those  constituents  which  serve  to  excite  activity 
within  the  plant,  are  drawn  from  the  soil  along  with  the 

* According  to  Kacmls  (Meteorologic,  S.  174),  the  qnaatitjr  of 
that  falbi  yearly  on  the  eoaata  of  Holland  and  France,  amonnU  to  25  incbaa, 
and  that  in  the  interior  to  24  inches  =■  0.650  metrea.  A bertare  U equal  la 
10,000  equare  metres,  which  gives  0,500  cub.  metres  in  a year.  Accordhu;  to 
Simons  and  Greevc  (Nieuwe  verhandeling  van  hot  Bat.  Oenoolsch.  18441  the 
quantity  of  rain  is  for  our  country  (Holland)  0.65T  metros,  which  givea  6570 
cub.  metre*  per  hectaie. 
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inorganic  salts  and  the  water ; whilst  those  which  assist  to 
increase  the  bulk  of  the  plant,  and  from  which,  by  incessant 
changes,  an  almost  infinite  number  of  new  products  is  to  be 
procured,  are  supplied  by  the  atmosphere.  There  are  import- 
ant peculiarities,  which  require  a further  consideration  in 
the  next  chapter. 

According  to  Chevandier's  experiments,  the  quantity  of 
water  which  is  fixed  by  plants  during  their  growth  is  as 
follows: — 1754  kilogr.  of  carbon,  condensed  in  a year  by  the 
wood  of  the  above  forests  per  hectare,  and  supplied  in  the 
state  of  carbonic  acid,  were  combined  with  4591  kilogr.  of 
oxygen.  The  quantity  of  33  kilogr.  of  nitrogen,  found  in 
this  wood,  was  united  with  7 kilogr.  of  hydrogen.  The  wood 
contained  213  kilogr.  of  hydrogen.  Deducting  from  the 
latter  quantity  7 kilogr.,  we  have  206  kilogr.  of  hydrogen, 
which  require  1650  kilogr.  of  oxygen  to  be  converted  into 
water.  The  whole  quantity  of  oxygen  contained  in  the  wood, 
was  1507  kilogr. 

Supposing  that  nothing  else  has  been  supplied  to  these 
plants  than  water,  ammoni{^  and  carbonic  acid,  we  obtain — 
Found  in  the  wood 

C H N 0 

1754  213  33  1507 

C 1754  H 7 H 213-7=  206 
0 4591  N 33  0 1650 

C02  6345  NH3  40  HO  1856 

From  6345  kilogr.  of  carbonic  acid,  40  kilogr.  of  ammonia, 
and  1856  kilogr.  of  water,  a quantity  of  wood  has  been  formed 
containing — 

C H N 0 . 

1754  213  33  1507 

The  quantity  of  oxygen  contained  in  6345  kilogr.  of  car- 
bonic acid,  and  1856  kilogr.  of  water,  is  4591  -p  1650  = 6241 
kilogr.  Subtracting  from  this  the  oxygen  actually  present 
in  the  wood,  viz.,  1507,  there  remains  4734  kilogr.,  being  the 
quantity  exhaled  by  the  leavea  According  to  these  experi- 
ments, therefore,  1856  kilogr.  of  water  have  been  fixed  by  one 
hectare  of  forest 
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It  has  not  yet  been  proved  by  experiment,  that  plants  ab- 
sorb ammonia  as  such,  and  this,  therefore,  is  not  to  be  assum- 
ed as  an  established  rule  in  science.  Our  present  knowledge 
seems  to  point  to  the  opposite  conclusion.  The  very  smallest 
quantities  of  ammonia  that  enter  into  the  soil,  are  immedi- 
ately united  with  the  five  organic  acids  in  the  soil,  and  form 
with  them  salts  that  are  soluble  in  water,  and  consequently 
mutt  be  absorbed  by  the  roots  of  plants.  These  organic  acids 
are  wanting  in  no  fertile  soil,  and  must  not  be  wanting.  Their 
quantity  is  certainly  small, — too  small  to  supply  the  necessary 
quantity  of  carbon  to  plants ; but  it  is  large  enough  to  supply 
them  with  nitrogen  in  the  form  of  ammoniacal  salts  of  five 
different  organic  bodies. 

It  requires  no  demonstration,  that  if  the  nitrogen  is  ac- 
tually supplied  to  plants  in  this  form,  it  is,  nevertheless,  not  a 
necessary  consequence  that  any  ulmic,  humic,  ge'ic,  apocrenic, 
or  crcnic  acid  should  be  found  in  the  roots ; nay,  that  the 
brown  absorbed  liquid  should  impart  its  colour  to  the 
white  fibrilloo.  Not  one  single  cell  of  the  young  root  is  pas- 
sive during  the  transmission  of  the  absorbed  liquid.  Every 
one  of  these  cells  is  an  active  organ,  that  both  undergoes  and 
induces  a change  of  materials. 

If  we  proceed  from  the  established  fact  that  a fertile  soil 
cannot  contain  any  free  ammonia,  but  that  tho  latter  is  im- 
mediately combined  with  one  of  the  five  organic  acids,  always 
existing  in  such  a soil,  then  we  know,  at  the  same  time,  that 
ammonia  is  never  supplied  to  plants  in  a free  stata  It  can- 
not enter  the  plants  in  combination  with  the  carbonic  acid, 
which  is  present  in  tho  water  of  tho  soil,  because  this  acid 
cannot  decompose  ulmate,  humate,  geate,  apocrenate,  or  cr«- 
nate  of  ammonia,  whilst,  on  the  contrary,  any  one  of  these 
organic  acids  decomposes  carlmnate  of  ammonia. 

All  this,  I think,  sufiiciently  proves  that — provide<l  the 
soil  contains  enough  of  these  five  acids — the  whole  of  the 
ammonia  which  is  absorbed  by  the  roots  of  plants,  enters 
into  them  in  combination  with  one  or  more  of  these  acids ; 
and  further,  that  these  compounds  do  not  circulate  through 
the  plant,  but  having  entered  into  the  extremities  of  the 
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roots,  are  there  immediately  decomposed  and  converted  into 
other  bodies. 

The  fallowing  of  lands,  therefore,*  during  which  the  weeds 
are  ploughed  in,  and  in  general  the  ploughing  in  of  organic 
non-nitrogenous  substances,  increases  the  quantity  of  ammo- 
nia in  the  soil,  in  the  same  measure  as  it  increases  the  quan- 
tity of  humic  substances,  which  powerfully  detain  the  am- 
monia unaltered,  which  is  subsequently  supplied  to  the  next 
crop.  The  chief  reason,  therefore,  why  the  presence  of  the 
non-nitrogenous  organic  substances  in  the  soil  is  necessary 
for  the  growth  of  plants  is,  to  supply  nitrogen  in  the  form  of 

* The  fallowiDg  of  Unde,  an  acknowledged  means  for  increasing  their  fertili- 
ty, has  been  much  treated  of  by  scientific  men.  Some  fields  never  require  a 
fallow ; others  need  it  every  seven  or  eight,  others  again  every  three  or  four 
yean.  The  soil  improves,  although  nothing  is  added  to  it.  The  following 
general  reasons  for  this  ofiToct  may  be  considered  as  true. 

Paring  the  period  of  a fallow,  nothing  is  taken  from  the  soil,  which  is,  on 
the  contrary,  supplied  with  three  different  kinds  of  substances.  Various 
plants  grow  there  wild,  and  are  afterwards  ploughed  in.  These  plants  have 
absorbed  carbonic  acid  and  ammonia,  and  formed  from  these  substances  new 
organic  prodneta.  These  products  again  are  left  behind,  are  soon  converted 
into  humus  after  being  ploughed  in,  and  thus  the  plants  of  the  following  sea- 
son may  be  supplied  with  the  five  organic  acids  of  the  soil.  During  this 
formation  of  humus,  ammonia  is  produced  in  the  soil.  This  ammonia  is  fixed 
by  organic  acids,  to  be  supplied  to  the  vegetation  of  the  next  season.  Fi- 
nally, the  plants  that  grow  wild  on  the  fallow  land,  extract  water  from  the 
soil,  and  along  with  that  water  the  salts  which  it  contains.  From  the  surface 
of  their  leaves  pure  water  evaporates,  and  thus  the  weeds  become  an  acenmu- 
lation  of  inorganic  constituents,  which,  on  the  plants  being  ploughed  in,  can 
now  be  deposited  in  the  upper  layers  of  the  soil  in  a much  larger  quantity 
than  would  have  been  present  in  them  without  the  intervention  of  these  plants. 
When  fallowed,  therefore,  the  soil  is  prepared  for  the  ensuing  crop  by  the  weeds 
that  grow  on  it  and  are  ploughed  in.  Thus  it  is  that  when,  for  instance,  clo- 
ver is  sown  and  ploughed  in,  the  soil  is  as  it  were  manured. 

Other  reasons  may  be  given,  besides,  viz. ; that  from  the  soil  itself  also  pure 
water  evaporates,  and  thru,  during  a fallow,  the  salts  contained  in  the  water 
that  has  been  attracted  from  a certain  depth  by  capillary  action,  accumulate 
on  the  surface  of  the  soil,  provided  they  are  not  washed  down  again  by  heavy 
rains.  Further,  all  the  remains  of  imperfectly  decomposed  organic  sub- 
stances, such  as  the  roots  of  tho  preceding  crop  that  have  been  ploughed  in, 
have  time  to  be  completely  decomposed  during  a fallow  year.  Finally,  the  in- 
soluble silicates  of  clay  soils,  having  l>cen  exposed  for  one  or  more  yc.ars  to  the 
action  of  the  atmosphere,  without  yielding  any  of  their  constituent  parts  to 
plants,  have  a new  quantity  of  their  bases  rendered  susceptible  of  being  con- 
veyed to  tho  following  crop  in  a stale  soluble  in  water. 
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ammonia.  It  is,  however,  evident,  that  along  with  this  nitro- 
gen, the  three  other  organic  elements  are  yielded  at  the  same 
time. 

A soil  which  contains  no  organic  matter  at  all,  is  destitute 
of  every  substance  necessary  to  fix  the  ammonia,  whether 
the  latter  be  carried  into  the  soil  by  the  rain-water  or  in  any 
other  manner.  A soil,  for  instance,  consisting  of  nothing  but 
decayed  feldspar,  would,  in  the  event  of  the  falling  of  rain- 
water containing  ammonia,  give  passage  to  a quantity  of  am- 
monia proportioned  to  the  quantity  of  water  it  allows  to 
pass  to  feed  springs  and  wells.  But  when  humic  substances 
are  present,  they  immediately  combine  with  the  ammonia, 
and  the  ammoniacal  salts  thus  produced  are  retained  in  the 
upper  layers  of  the  soil  by  the  alumina,  fcc.  (see  p.  1 78) 
Hence  it  is,  that  in  places  where  the  soil  is  fertile,  spring 
water  contains  hardly  a trace  of  ammonia ; whereas,  in  the 
absence  of  organic  matter  from  the  upper  soil,  this  water 
must  contain  such  a proportion  of  ammonia,  as  has  been 
either  carried  into  or  formed  in  the  soiL 

In  recent  times  it  has  become  almost  a regular  custom  to 
determine  the  value  of  manures  by  the  quantity  of  nitrogen 
they  yield  by  ultimate  analysia  This  method  is  entirely 
erroneous  ; for  it  is  based  upon  the  false  principle,  that  by 
putrefaction  all  nitrogenous  substances  are  immediately  con- 
verted into  ammonia,  carbonic  acid,  and  water.  It  is  a fact 
that  they  undergo  this  change,  after  having  been  for  years 
exposed  to  influences  by  which  decay  is  promoted.  We  are, 
however,  not  only  in  the  dark  as  to  the  number  of  years  that 
are  required  by  many  nitrogenous  bodies  to  yield  these  pro- 
ducts, but  we  even  know  with  regard  to  many,  that  they  re- 
sist putrefaction  for  a very  long  period.  Morphine,  for  in- 
stance, is  prepared  by  allowing  opium  to  putrefy  ; and,  what 
is  still  more  important,  the  process  for  preparing  leucin,  a 
substance  which  contains  10.72  per  cent  of  nitrogen,  (Bulle- 
tin, 1838,  p.  145)  is,  to  bring  cheese  into  putrefaction.  Cheese, 
therefore,  does  not  resolve  itself  instantly, — not  even  in  a very 
long  time,  jMjrhaps  not  before  a number  of  years, — into  car- 
bonic acid,  ammonia,  and  water,  but  produces  a crystalline 
substance,  which  contains  no  ammonia.  The  same,  or  a simi- 
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lar  substance,  will  probably  be  produced  by  every  other  pro- 
tein compound ; and  as  we  do  not  know  either  what  quantity 
of  leucin  is  thus  produced,  or  whether  other  non-ammonia- 
cal  substances  might  not  also  be  found,  it  is  clear  that  the 
proportion  of  nitrogen  yielded  by  them  is  not  a proper  mea- 
sure of  the  value  of  manures,  and  that  this  mode  of  estimat- 
ing that  value  ought  to  be  discontinued. 

For  this  reason  most  of  the  estimations  of  the  value  of 
manures  made  by  Boussingault,  Payen,  and  others,  are,  in  our 
opinion,  perfectly  valueless.* 

* BoaxdngsDlt  and  Payen,  for  instance,  have  determined  the  value  of  ma- 
mres  (Ana.  de  Chem.  et  de  Phjs.,  Tome  8,  p.  61S,  and  Tome  6,  p.  449),  from 
the  quantity  of  nitrogen  they  contain,  thinking  that  this  ia  in  a direct  ratio  to 
their  value.  They  consider  the  ammonia  that  is  present  as  such  in  the  manures, 
to  be  their  active  principle,  but  at  the  same  time  they  are  of  opinion  that  other 
substances  besides  ammonia  mty  be  absorbed  by  pianta  and  supply  them  with 
nitrogen.  They  determined  the  nitrogen  in  ninety-five  different  substances, 
but  I omit  mentioning  the  resuita  of  this  investigation,  because  they  give  os 
no  infonuation  as  to  the  quantity  of  nitrogen  which  these  manures  can  actually 
yield  to  plants. 

These  results  are  wholly  at  variance  with  others  of  Bouchardat's,  who  states 
that  carbonate,  bi-carbonato,hydTochlorate,  nitrate,  or  sulphate  of  ammonia,  even 
when  diasolred  in  1000  parts  of  water,  act  upon  plants  as  violent  poisons,  and 
that  consequently  plants  cannot  in  this  way  obtain  any  nitrogen  (LTnstitut, 
p.  476,  1848.  9 P<or). 

Knhimann,  again,  has  found  results  differing  from  those  of  Bouchards^  with 
regard  to  some  saits  of  ammonia  being  iqjurions  to  plants  (Comptes  Bendns,  18 
Nor.  1848,  p.  1118),  especially  the  sesqui-carbonate,  bi-carbonate,  nitrate,  sul- 
phate, and  bydoehlorate  of  ammonia.  He  has  repeated  Bouchardat’s  expe- 
riments, by  dividing  a piece  of  ground  into  separate  parts,  and  moistening 
each  part  in  spring  with  a solntion  of  the  following  substances.  The  quan- 
tity of  straw  which  a hectare  would  produce  has  been  taken  as  the  general 
scale  of  comparison.  Where  no  ammoniacal  manure  bad  been  applied,  he  ob- 
tained 4000  kilogr.  of  straw  per  hectare,  and  where  they  bad  been  laid  on, 
the  additioiuU  produce  was  as  follows : — From  sal  ammoniac,  1716  (that  ia 
in  all  6716  kilogr.),  from  sulpbato  of  ammonia,  1288  kilogr.,  from  nitrate 
of  soda,  800  kilogr.,  from  ammoniacal  liquor  of  a gas  manufactory,  mixed 
with  hydrochloric  acid,  2300  kilogr.,  from  urine,  2240  kilogr.,  from  a solu- 
tion of  glue  in  water,  2493  kilogr.  The  latter  liquid  contained  2(  per  coni, 
of  impure  glue. 

Thus  It  follows  from  these  experiments,  that  although  nitrogen  is  supplied 
from  the  atmosphere,  yet  the  quantity  thus  obtained  is  insufficient  for  the 
complete  development  of  plants,  which  is  in  relation  to  the  quantity  of  nitro- 
gen supplied  ; further,  that  through  the  ammoniacal  manure  the  soil  receives 
from  the  air  both  more  nitrogen  and  carbon,  —for  the  quantity  of  nitrogen 
which  had  been  laid  on  in  the  form  of  manure  only  once,  in  spring,  was  insuffi 
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The  ammonlacal  salts  do  nut  all  assist  in  the  solution  of  the 
humic  substances  of  the  soil  in  water.  Carbonate  of  ammonia, 
fur  instance,  is  very  effectual  in  this  respect,  whilst  sal- 
ammoniac  is  itot.  The  mere  solution  of  these  salts,  there- 
fore, cannot  be  beneficial  to  vegetation.  But  the  soil  contains 
a variety  of  bases  and  carbonates,  such  as  carbonates  of  po- 
tash and  lima  Now,  when  salts  of  ammonia,  sulphate  of 
ammonia,  or  chloride  of  ammonium  and  humic  substances, 
— such  as  ultnic  acid  from  sugar,  which  is  very  sparingly  solu- 
ble,— are  mixed  and  digested  with  one  of  these  carbonates — 
chalk,  fur  instance,  and  water, — then  the  acid  of  the  ammo- 
niacal  salt  combines  with  the  lime,  and  carbonate  of  ammonia 
is  produced,  which  has  the  power  of  dissolving  the  ulmic  or 
humic  acid,  &c.  When  sulphate  of  ammonia,  carbonate  of 
lime,  ulmic  acid  and  water  are  digested  for  some  time,  a dark 
brown  liquid  is  obtained,  in  which  a large  quantity  of  ulmate 
of  ammonia  is  present  A similar  result  is  obtained  from  a 
mixture  of  sal-ammoniac,  chalk  and  ulmic  acid,  but  the  liquid 
contains  less  ulmic  acid. 


dent  to  produce  aneh  a Urge  additional  quantity  of  straw ; and  finally,  that  a 
proportionate  quantity  of  potash,  lime-sslta,  phosphorus,  ke.,  has  st  the  oms 
time  been  taken  irom  the  soil. 

Kuhlmann  further  concludes,  that  the  suppesition  of  Liebig,  that  ram-watcr 
should  yield  more  ammonia  to  planU  than  they  require,  is  contradicted  I7 
these  experiments.  He  also  thinks,  that  snlphate  of  potash  or  time,  aad 
chloride  of  potassium  or  calcium,  are  taken  up  by  plants,  because  it  is  certsin 
that  sea  plants  take  up  common  salt  According  to  him,  phosphate  of  lims 
and  phosphate  of  maguesia  are  solnblo  in  water  containing  earboaie  add. 

Similar  results  have  been  announced  by  Schattenmann  (shuiem,  p.  112S], 
as  having  been  obtained  from  sulphate  and  phosphate  of  ammonia,  and  ml-am- 
monirc,  with  which  be  has  advantageously  manured  oats  and  barley.  Boussin- 
gault  thinks  (Comptes  Kondus,  20  Xov.  1843,  p.  1153),  that  the  pro|>ortios  ef 
chlorine  in  sea  plants  bears  no  reUtion  to  the  amount  of  sodiom,  aad  that  ho 
is  ivanaiitcd  in  concurring  with  Kuhlmann'a  statement,  that  the  salts  of  am- 
monia yield  to  plants  carbonate  of  ammonia,  produced  by  doable  deoompeei- 
tion  by  the  action  of  chalk  or  ca<  bonates  of  potash  and  soda. 

Chattorley  (Phil.  Mag.  Juno  1843)  has  inatituted  oomparalire  ezperimenta 
with  regard  to  the  fertilising  properties  of  the  various  nitrogenous  sslu.  He 
employed  for  this  purpose,  snlphate  of  ammonia,  nitrate  of  soda,  and  nitrate  ef 
potash.  Ilia  result  is,  that  it  may  be  stated  as  a general  fact,  that  the  aitro- 
genous  salts  actually  serve  aa  food  for  plants  in  pro)>ortion  as  they  eonUin 
nitrogcu. 
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The  manuring  of  a soil,  therefore,  with  sulphate  or  hy- 
druchlorate  of  ammonia  acts  in  this  manner,  that  through 
the  alkaline  carbonates  in  the  soil,  the  ammonia  is  convey- 
ed to  plants  as  ulmate  of  ammonia.  Sac.,  in  a state  of  solu- 
tion, and  even  in  this  case,  the  ammonia  and  the  organic 
acids  in  the  soil  assist  each  other,  to  serve  conjointly  as  food 
for  plants.  Wherever,  therefore,  a soil  contains  a large  quantity 
of  humic  substances,  the  inorganic  ammoniacal  salts  of  the 
manure  cannot  as  such  enter  into  the  plant 

It  follows  from  what  I have  stated,  that  even  although 
part  of  the  ammonia  in  the  soil  might  enter  into  the  plants  in 
combination  with  inorganic  acids,  the  greater  proportion  of 
it  is  absorbed  in  combination  with  organic  substances,  the 
latter  thus  performing  a service  which  is  to  be  considered 
of  the  greatest  value. 

Various  substances  have  been  recommended  to  hx  the  car- 
bonate of  ammonia,  which  volatilises  during  the  decay  of 
animal  lx)dies  that  are  employed  as  manures.  Schattenmann 
(Comptes  Rendus,  8 Juillet  184f,  p.  114,  and  Annales  de 
Chim.  et  de  Phya  Janv.  1842,  p.  116),  recommends  sulphate 
of  iron,  as  being  of  much  advantage  for  this  purpose.  The 
products  are  sulphate  of  ammonia  and  oxide  of  iron,  and  thus 
the  ammonia  is  fixed.  It  is  sufficient  to  spread  a dilute  solu- 
tion of  sulphate  of  iron  over  the  manure  heapa  He  advises 
the  employment  of  the  same  compound  for  excrements, 
which  will  have  the  effect  of  both  fixing  the  ammonia  and 
removing  the  disagreeable  smell,  by  the  formation  of  sulphu- 
ret  of  iron.  This  means  would  also  find  useful  application 
in  those  towns  of  our  country,  where  these  excrements  must 
at  certain  intervals  be  removed. 

Another  substance,  which  has  been  recommended  for  fixing 
the  ammonia,  is  dilute  sulphuric  acid,  and  this  has  been  con- 
sidered as  a useful  manure,  because  a considerably  greater 
portion  of  ammonia  is  thus  preserved.  But  the  substances 
that  are  at  present  recommended  as  manures  are  exceedingly 
multifarioua  A soil  which  contains  the  five  organic  acids 
mentioned  above,  requires  no  sulphuric  acid  to  fix  the  am- 
monia. 
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Daubenj  states  (Athenaeum,  14  Aug.  1841,  and  Blblioth. 
Univ.  Nov.  1841,  p.  410,)  that  the  nitrates  of  potash  and  soda 
are  also  capable  of  yielding  nitrogen  to  plants,  and  must 
therefore  be  classed  with  those  substances  which  are  advan- 
tageous to  some  plants.  These  salts,  therefore,  must  be 
decomposed  either,  in  the  plants  or  in  the  soil  Both  these 
suppositions  are  probable,  as  nitre  is  found  in  tobacco  and 
other  plants. 

Guano,  which  has  been  lately  so  much  recommended  as  a 
manure,  contains  a variable  quantity  of  urate  of  ammonia, 
besides  some  other  substances,  viz.,  phosphates,  carbonates, 
oxalates.  See.  The  chief  active  ingredient  is  the  urate  of 
ammonia,  and  on  thatacootmt  guano  is  an  excellent  manure 
But  is  it  tAe  best  manure  ? It  is  carious  to  observe,  how  this 
novelty  has  been  received  by  many  as  a peculiarity ; and  he 
who  sees  quantities  of  urate  and  carbonate  of  ammonia  daily 
thrown  away  in  the  excrements  of  men  and  animals,  will 
readily  acknowledge  that  it  is  foolish  to  order  guano  from 
Peru  at  great  cost  Until  urine  or  human  excrements  are 
collected  with  more  care,  and  employed  as  manure,  it  is  un- 
necessary to  send  to  the  Pacific  for  the  excrements  of  birds,* 
unless  people  desire  to  expose  themselves  to  imposition,  for 
which  guano  now  offers  ample  opportunity.  Agriculture 
ought  to  be  protected  against  such  impositions,  and  men  of 
science  ought  not  to  expose  it  to  mischief,  as  has  been  done 
with  guano.  Was  it  necessary,  indeed,  to  fetch  the  ammonia 
from  the  Pacific  ? I wish  to  be  rightly  tmderstood  I by  no 
means  assert  that  guano  is  not  a useful  manure,  but  only  that 
we  are  not  in  need  of  it 

They  who  are  not  better  informed,  ought  not  to  be  blamed 

use  they  are  deceived  by  those  who  know  better,  and 
m e a shameful  use  of  the  ignorance  of  their  contempora- 
nes,  or  t e purpose  of  obtaining  money  and  reputation 
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Wherever  I could,  therefore,  I have  strongly  opposed  this 
guano-fraud,  and  I do  not  hesitate  to  warn  against  it  as 
being  a source  of  shameftil  deception.  I am  equally  ready 
to  pronoimce  the  same  opinion  regarding  those  multifarious 
manufactories  of  artificial  manures,  of  vrhich  the  present 
time  is  so  very  productive.  Every  soil,  every  plant  requires 
its  peculiar  proportions  of  inorganic  substances ; a universal 
manure  is  an  impossibility.  Ammonia  is  present  in  the  ex- 
crements of  man  and  animals,  and  as  regards  the  organic 
constituents,  those  organic  substances  which  are  the  most 
widely  diffused,  have  the  common  property,  that  in  decaying 
they  are  decomposed  into  the  five  organic  acids  of  the  soil, 
often  referred  to,  and  for  these  there  is  no  need  of  manu- 
factories. It  is  by  no  means  honourable  to  the  man  of 
science,  to  force  the  most  ancient  art  from  its  simple  and 
natural  condition,  and  so  make  it  a subject  for  deception. 
But  there  is  hope,  that  the  attachment  of  agriculturists  to 
their  usual  practice  will  prevent  the  evil  from  making  much 
progress.* 

What  we  have  stated  regarding  the  organic  food  of  plants 
and  carbonic  acid,  water,  and  ammonia,  may  thus  be  present- 
ed in  a condensed  form. 

The  fleshy  plants,  several  mosses,  &<x,  live  upon  carbonic 
acid,  water,  and  ammonia.  They  contain  but  little  nitrogen. 

The  leaves  decompose  the  carbonic  acid,  which  they  absorb 
from  the  air,  and  whilst  expelling  oxygen,  they  produce  with 
the  elements  of  water  non-nitrogenous  substances. 

It  is  not  known,  and  very  improbable,  that  the  leaves 
absorb  ammonia  On  the  contrary,  os  ammonia  is  formed 
in  the  soil,  and  as  ammoniacal  manures  prove  beneficial  to 
vegetation  by  being  placed  in  the  soil,  it  is  likely  that  this 
substance  is  only  supplied  tluough  the  roota 

As  non-nitrogenous  products  are  formed  in  the  leaves  from 
constituents  of  the  atmosphere,  the  soil  is  every  year,  at  the 
shedding  of  the  leaves,  &c.,  increased  by  a large  quantity  of 
organic  substances,  which  are  thus  transformed  into  acid, 
humic,  or  crenic  bodies. 

* A little  more  experience  in  practical  agricultnre  would  hare  prevented 
Mulder  Dorn  writing  Ihia  and  the  preceding  paragraph. — /.* 
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These  substances  combine  with  the  ammonia,  and  thni 
enter  into  the  plants  through  the  roots  in  the  form  of  salta 
Although,  therefore,  I do  not  denj  that  some  ammonia 
may  be  absorbed  by  the  leaves  and  some  carbonic  acid  by 
the  roots — the  latter  indeed  cannot  be  denied, — yet  the  great 
bulk  of  the  ammonia  enters  through  the  roots,  and  of  carb<a 
through  the  leaves  ; the  water  enters  through  the  roota 
The  several  parts  of  a bud  are  consequently  in  this  respect 
similar  to  fleshy  plants  and  mosses,  that  they  live  chiefly  at 
the  expense  of  the  atmosphere.  They  may  be  considered  as 
independent  plants,  fixed  in  the  stem  as  in  a soil  These 
independent  plants  (the  scions  of  the  buds,  that  is,  the  leaves) 
are  the  instruments  by  which  the  carbonic  add  of  the  air  is 
condensed.  They  drop  and  decay,  and  a large  portion  of 
their  substance  serves  to  fix  the  ammonia  in  the  soil,  with 
which  it  subsequently  re-enters  the  plant  through  the  root 
The  organic  ammoniacal  salts  of  the  soil  supply  in  the  first 
place  the  nitrogenous  substances  of  plants,  viz.  the  protein 
with  all  its  derivativea  If  they  performed  no  other  service 
than  this,  they  would  still  be  justly  considered  indispensable 
The  scions  of  the  buds  (the  little  plants  on  the  stem, 
the  leaves)  extract  their  nitrogenous  substances  from  the 
stem,  as  the  latter  extracts  them  from  the  root,  and  this 
again  from  the  soil. 

We  may  present  the  operations  that  are  going  on  in  the 
vegetable  kingdom  by  the  following  cycle : the  carbonic  acid 
of  the  air  is  condensed  and  decomposed  by  the  leaves ; this 
carbonic  acid  along  with  water  is  employed  by  the  leaves  to 
form  non-nitrogenous  bodies ; the  leaves  are  shed ; they 
putrefy  and  form  humic  and  crenic  acids  ; ammonia  is  pro- 
duced in  the  soil  from  water  and  the  constituents  of  the 
air ; the  ammonia  combines  with  these  acids  and  forms  hu- 
mates  and  crenates  of  ammonia  ; these  salts  enter  into  the 
plant  through  the  root ; from  these  salts  nitrogenous  substan- 
ces are  formed  in  the  root ; these  substances  arc  carried  up 
into  the  leaves  and  fruits ; part  of  them  descends  again, 
along  with  the  products  of  the  decomposition  of  carbonic 
acid,  to  form  wood.  The  leaves  arc  shed  and  decay,  and 
with  this  the  cycle  recommences. 
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Those  principles  being  acknowledged  as  true,  then  it  is 
also  true — 

1.  That  plants,  as  regards  the  weight  of  their  constituents, 
live  at  the  expense  of  the  atmosphere. 

2.  That  they  cannot  live  upon  the  constituents  of  the 
atmosphere  alone,  in  the  state  in  which  they  exist 

3.  That  the  scions  of  the  buds  absorb  carbonic  acid  and 
water,  and  therefore  live  in  the  same  manner  as  the  fleshy 
planta 

4.  That  the  roots  serve  to  prepare  the  nitrogenous  vege- 
table substances,  which  ore  from  these  transferred  into  the 
buds. 

5.  That  every  plant,  now  living  in  the  soil,  absolutely  re- 
quires organic  food,  and  that  whenever  this  law  of  nature 
is  disregarded  in  agriculture,  the  result  will  show  that  it  is 
foolishness  to  attempt  the  renovation  of  this  ancient  art  on 
the  faith  of  unproved  theories. 
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CHAPTER  IX. 

ON  THE  TRANSFORMATION  OP  THE  POOD 
ABSORBED. 

A.  On  the  eatuee  of  the  transformation  of  the  food  absorbed. 

The  liquid  which  circulates  through  plants,  is  very  varia- 
ble in  its  composition.  We  have  seen  that  these  differences 
do  not  arise  from  the  food  which  is  originally  supplied  to  the 
plant,  but  from  substances  produced  in  the  extremities  of  the 
fibrilhc,  immediately  after  it  has  been  absorbed.  In  different 
plants  these  extremities  immediately  contain  products,  essen- 
tially different  from  each  other,  though  derived  from  the 
same  substances  taken  up  from  without  These  different  pro- 
ducts are  the  results  of  the  action  exercised  by  the  substances 
within  the  plant  upon  the  absorbed  food.  The  very  extre- 
mities, therefore,  of  the  fibrillse,  are  the  first  and  principal 
places  in  which  the  food  is  elaborated. 

It  will  be  necessary  to  consider,  how  this  change  in  the 
extremities  of  the  roots  is  effected,  and  how  it  is  subsequently 
performed  in  the  several  parts  of  the  plant 

As  regards  the  first  point,  it  is  weU  known  that  the  fibrillse 
of  plants  increase  in  length  and  thickness  by  the  annexa- 
tion of  new  cells ; that  this  takes  place  through  the  influence 
of  the  substances,  with  which  the  extremities  of  the  roots 
are  surrounded ; that,  therefore,  these  extremities,  being 
themselves  capable  of  increasing  in  extent^  by  forming  new 
cells,  are  very  active  parts,  through  which  the  liquids  from 
the  soil  cannot  pass  in  the  same  manner  as  fluids  ascend  in 
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capillary  tubes,  and  far  loss  passively  transpire  from  cell  to 
cell ; that,  on  the  contrary,  the  parts  along  which  these 
liquids  move,  exercise  an  activity,  which  is  communicated 
to  the  chemical  constituents  of  the  absorbed  liquid, — that 
the  former  cause  a tension  which  reacts  upon  the  latter; 
or,  rather  perhaps,  that  the  former  impart  motion  to  the 
latter. 

This  truth  is  a universal  one,  and  without  any  exception  in 
organised  nature,  when  each  molecule  is  capable  of  becoming 
a centre  of  action,  which  may  far  extend  itself  It  is  at  the 
same  time  one  of  the  greatest  importance,  in  enabling  us  to 
form  some  general  idea  regarding  the  transformations  which 
the  substances  absorbed  by  plants  undergo.  Action  does  not 
always  proceed  from  every  cell  through  which  liquid  passes  ; 
but  it  must  proceed  from  all  such  as  either  contain  substan- 
ces in  a state  of  transformation,  or  are  themselves  composed 
of  these,  whilst  the  influence  of  these  substances  must  react 
upon  those  constituents  of  the  passing  liquid  which  are  liable 
to  be  thus  afiected.  All  this  has  been  sufficiently  considered 
in  the  first  chapter,  p.  66. 

From  this  point  of  view,  a wide  field  opens  itself  for  new 
investigationa  The  several  systems  of  the  parts  of  plants, 
and  the  various  organs  they  contain,  ought  to  be  analysed, 
and  their  composition  correctly  determined  ; they  ought  fur- 
ther to  be  submitted  to  such  a chemical  examination,  as  will 
explain  their  influence  upon  other  bodies,  especially  those 
that  are  in  contact  with  them  ; and  the  results  of  these  in- 
quiries ought  finally  to  be  viewed  in  connection  with  the  pe- 
culiar products,  formed  by  those  organs. 

Vegetable  physiology  has  not  been  studied  with  such  a 
view,  and  yet  there  is  no  other  source  from  which  light  can 
be  expected  to  be  thrown  upon  the  transformations  of  sub- 
stances in  this  interesting  dominion  of  Natura  Everything 
that  is  called,  and  actually  is  a cell,  does  not  on  this  account 
always  contain  the  same  active  substances ; and  some  parts 
of  the  contents  of  these  cells  do  not  always  exercise  the 
same  influence  upon  others,  or  upon  those  substances  that 
are  present  in  the  adjoining  cella  Why,  for  instance,  do 
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the  capsules  of  the  poppy  produce  a number  of  different 
vegetable  alkalis,  which  probably  have  one  common  base ; 
but  which  are  certainly  found  in  no  other  part  of  the  plant 
except  the  capsule  alone  ? What  causes  the  production  of  that 
principle  common  to  the  whole,  and  of  that  variety  of  deri- 
vatives from  the  substances  supplied  by  the  plant  to  the  peri- 
carp ? What  else  can  have  this  effect,  than  a difference  of 
the  substances  that  are  originally  present  in  the  cells  of  the 
pericarp  ? These  substances,  formed  from  the  general  con- 
stituents of  the  plant,  arc  capable  of  giving  rise  to  these  pecu- 
liar products,  by  the  influence  of  the  existing  circumstances. 
The  investigation  of  these  substances  and  cu'cumstances  must 
ere  long  form  the  basis  of  a precise  knowledge  of  the  trans- 
formations undergone  by  the  food  that  is  supplied  to  plants 
and  elaborated  in  their  interior. 

I have  explained,  in  a preceding  chapter,  when  treating  of 
chemical  and  organic  forces,  that  every  substance,  of  which 
the  component  parts  are  not  united  together  in  a perfect 
equilibrium — as  they  very  rarely  are — must  exercise  some 
action  as  soon  as  it  is  brought  into  contact  with  certain 
other  bodies.  I have  further  remarked  that,  especially  when 
substances  ore  either  in  the  nascent  state,  or  in  a state  of 
decomposition,  this  action  is  capable  of  being  transferred  to 
others,  which  arc  then  also  brought  into  activity,  that  is, 
chemically  changed.  The  latter  point  has  been  sufliciently 
explained  at  p.  42,  where  I have  treated  of  fermentation. 

Let  me  apply  the  principles  there  mentioned,  to  the  trans- 
formation of  the  food  absorbed  by  plants — to  the  chemical 
change  which  the  liquids  undergo  whilst  passing  through  the 
cells.  This  will  constitute  a true  foundation,  upon  which  a 
more  rational  vegetable  chemistry  may  be  raised.  The  con- 
tents of  the  cells,  especially  of  those  that  are  young,  and  the 
walls  of  some  cellular  systems,  never  consist  of  chemical  sub- 
stances that  are  altogether  unchangeable.  If  they  are  not 
merely  changeable,  but  in  a state  of  continual  alteration, 
and  if  they  at  the  same  time  involve  other  substances  with 
which  they  come  into  contact,  in  the  same  condition,- — that 
is,  if  they  contain  substances,  that  are  either  still  in  a state 
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of  unstable  chemical  equilibrium,  or  in  which  this  equilibrium 
is  more  and  more  disturbed, — then  this  action  must  be 
transferred  to  other  substances,  with  which  they  are  brought 
into  contact,  as  is  the  case  with  yeast,  which  is  in  a con- 
tinual state  of  transformation,  and  communicates  that  con- 
dition to  sugar.  But  as  yeast,  in  a state  of  transforma- 
tion, cannot  affect  etery  substance — being,  for  instance,  in- 
active towards  amygdalin,  which  can  be  decomposed  by 
synaptase,^— so  the  substances  that  are  present  in  the  cells 
of  plants,  when  in  a state  of  transformation,  will  not  be 
capable  of  producing  a chemical  change  in  aU  the  fluids 
that  are  passing  along ; nor  will  the  molecules  of  the  con- 
tents of  a cell,  when  in  a state  of  chemical  transforma- 
tion, be  able  to  effect  a similar  change  in  ail  the  substances 
with  which  they  come  into  contact.  The  action  produced 
must  vary  with  the  nature  of  the  substance  from  which  it 
proceeds  ; and  the  action  communicated  must  vary  with  the 
degree  in  which  the  substances  that  are  to  be  changed  are 
susceptible  of  the  impression  given. 

If,  therefore,  we  may  ever  hope  to  obtain  a knowledge  of 
the  way  in  which  the  infinite  variety  of  substances  in  the 
vegetable  kingdom  is  produced, — and  who  would  give  up 
this  hope  ? — then  this  knowledge  must  originate  from  the 
investigation  of  the  substances  by  which  the  actions  in  ques- 
tion are  produced.  These  must  of  necessity  be  chemically 
different,  to  render  it  possible  that  one  and  the  same  fluid 
passing  through  the  plant  should  give  rise  in  one  place  to 
a vegetable  acid  or  a fatty  substance,  in  another  to  starch 
or  sugar,  in  another  again  to  a vegetable  alkali  or  an  ethe- 
real oil 

But,  in  the  second  place,  this  chemical  knowledge  of  the 
organs,  of  the  organic  structure  of  plants,  must  be  connected 
with  an  investigation  of  the  liquids  that  pass  through  the 
plant  When  we  know  the  nature  of  the  fluids  that  pass 
along  the  substances  which  are  in  a state  of  decomposition, 
we  shall  also  understand  in  what  manner  the  new  products 
have  been  formed  from  these  substances. 

It  is  plain,  that  no  other  than  an  empirical  connexion  will 
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be  ever  found  between  the  substances  produced,  and  those 
by  which,  or  from  which,  they  are  produced  ; and  that  it 
will  never  be  possible  to  show  when  one  substance  yields  cer- 
tain products,  and  another  substance  other  productSL  But 
this  empirical  knowledge  is  the  very  base  of  the  true  science 
of  Nature,  and  not  even  a trace  of  this  knowledge  can  yet 
be  perceived  in  vegetable  chemistry.  Such  empirical  know- 
ledge is  the  only  base  of  inorganic  chemistry,  and  conse- 
quently it  must  also  be  that  of  organic  chemistry. 

The  causes  that  are  at  work  in  plants,  are  similar  to  those 
by  which  the  constituents  of  the  animal  organism  are  con- 
tinually changed. 

Since  plants  have  no  system  of  tubes,  through  which  liquids 
circulate,  such  as  is  found  in  animals, — although  these  tubes 
themselves  exercise  no  influence  upon  the  circulating  liquid, 
— the  substances  which  they  contain  in  a state  of  solution 
pass  from  cell  to  cell.  When  these  passages  are  effected,  ac- 
tion does  not  always  take  place,  or  at  least  the  action  is 
not  always  the  same.  This  diversity  of  actions  is  to  a great 
extent  due  to  the  cells  advancing  in  age,  but  also  to  a 
number  of  other  circumstances,  of  which  the  influence  upon 
the  transformation  of  vegetable  substances  can  at  present  only 
be  stated  in  general  terma  Suffice  it  here  to  remark,  that 
the  same  primary  cause  which  effects  the  transformation  of 
substances  in  the  animal  organism,  must  necessarily  also  be 
active  in  plants ; that  is,  an  action,  proceeding  from  certain 
general  substances,  reacting  upon  others,  which  is  there- 
fore a true  chemical  action.  Further,  that  the  chemical 
change,  which  in  the  animal  organism  is  produced  in  the 
liquid  secreted  from  the  capillary  system  by  the  action  of 
substances  in  a state  of  transformation,  which  have  the  effect 
of  modifying  some  of  the  constituents  of  this  liquid,  takes  place 
also  in  the  cells  of  plants.  Finally,  that  the  difference  in 
the  products  of  the  same  liquid  in  the  animal  organism,  de- 
pending upon  the  organs  into  which  the  above  liquid  enten 
and  the  difference  in  the  products  of  different  liquids,  accord- 
ing to  their  nature,  is  in  like  manner  perceptible  in  plants.  The 
salivary  glands  and  the  kidneys  both  receive  arterial  blood ; 
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and  yet  tlieir  products  are  different,  because  there  is  a differ- 
ence between  salivary  glands  and  kidneys ; — because  the  same 
arterial  blood,  after  having  entered  into  these  two  different 
organs,  is  exposed  to  the  influence  of  different  substances  in 
a state  of  transformation.  The  same  reasoning  applies  to  the 
production  of  different  substances  in  plants,  when  the  same 
juices  pass  through  different  cellular  systems.  If  the  liver 
received  arterial  blood  alone,  it  would  secrete  substances  dif- 
fering from  those  which  it  now  secretes,  receiving  blood  like- 
wise from  the  vena  portalis.  In  the  same  manner  the  pro- 
ducts will  differ  in  plants,  when  different  liquids  pass  through 
the  same  cellular  systems. 

In  the  present  state  of  science,  the  name  of  organs,  which 
produce  new  substances,  is  continually  employed.  This  will 
require  a little  consideration. 

There  can  be  no  doubt  that  every  chemical  action,  both  in 
organic  and  inorganic  nature,  is  molecular  action  ; — action 
proceeding  from  and  reacting  upon  molecules.  Although  it 
may  be,  that  organs  as  such — that  is,  intertextures  of  different 
elementary  forms — change  and  modify  the  manner  in  which 
the  substances  are  moved,  and  the  position  in  which  they  re- 
main together, — yet  organs  produce  no  chemical  changes,  but 
merely  elicit  them.  Organs  cannot  produce  chemical  action, 
because  chemical  action  is  nothing  else  than  the  manifesta- 
tion of  a.  certain  condition  of  molecules,  and  this  condition 
they  cannot  receive  from  organs.  Whenever,  therefore,  I use 
the  word  organ,  I wish  to  have  it  understood  in  this  sen.<ie. 

The  idea,  therefore,  of  the  production  of  new  chemical 
bodies,  either  with  or  without  any  definite  form,  is  founded 
on  the  idea  of  molecular  action. 

On  looking  at  the  substances  that  are  present  in  the  plants 
of  the  more  simple  or  lower  order,  and  in  the  higher  plants, 
we  perceive  that  there  is  a considerable  difference  between 
them.  In  like  manner  we  perceive  differences  between  the 
peculiar  substances  of  animals  of  different  classes  ; yet  these 
are  less  important  than  those  in  planta  In  plants,  and  also 
in  animals,  these  differences  arise  from  differences  in  the  or- 
gans : for  thus  the  same  food,  absorbed  by  plants,  is  placed  in 
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totally  different  circumstances,  in  consequence  of  which  they 
assume  an  entirely  different  natural  position,  and  react  upon 
each  other  in  a totally  different  manner. 

There  is  a considerable  difference  between  the  substances 
that  exist  in  plants  and  in  animala  Gelatine  is  not  found 
in  plants,  cellulose  does  not  exist  in  aninutls  ;*  plants  con- 
tain no  chondrin,  animals  no  starch  nor  gum ; plants  are 
devoid  of  haematin,  animals  contain  no  vegetable  alWalia 
In  the  latter  we  find,  further,  but  a small  number  of  peculiar 
substances  that  do  not  belong  to  the  class  of  tecreUamt,  and 
are,  therefore,  in  the  more  restricted  sense,  no  constituents 
of  the  body,  whilst  on  the  other  hand,  plants  contain  a great 
number  of  other  substances  besides,  viz.,  volatile  oils,  resina, 
gums,  acids,  neutral  nitrogenous  substances,  &c,  in  a word, 
an  innumerable  variety,  part  of  which,  however,  must  also  be 
considered  as  secretions. 

When  we  look  at  snbttanctt  produetd,  we  find  those  of  ani- 
mals are  simple  in  their  composition,  while  those  of  plants 
are  the  reverse : but  when  we  look  at  the  organisation  itself 
we  find  that  this  is  very  simple  in  plants,  and  the  reverse 
in  animala  We  find  an  inverted  proportion  between  organ- 
isation and  chemical  constituents  in  the  two  kingdoms.  The 
reason  of  this  is  very  obvious.  When  one  and  the  same 
liquid  circulates  through  an  organic  whole  impelled  by  a 
heart,  propelled  through  tubes  and  arteries  towards  e*ery 
part  of  the  body,  and  returning  through  other  tubes  (veins) 
towards  the  same  heart,  the  number  of  substances  of  a 
different  nature  can  be  but  small.  When,  on  the  contrary, 
every  part  has  almost  an  individual  existence,  and  the  con- 
nexion between  the  several  parts  is  certainly  not  direct, 
but  indirect,  and  when  there  is  no  circui€ition  of  one  and 
the  same  liquid  through  the  whole,  any  small  difference  be- 
tween the  organs  must  give  rise  to  a great  difference  in  the 
producta  This  explains  how  the  complicated  nature  of  the 
organisation  of  animals  is  the  very  cause  of  the  simplicity 
of  its  producta 

‘Schmidt  (Zur  vcigloichendcn  Phyiiologic,  ISIS,  p.  34)  found  oellikloM 
in  Aieidis  msmillarii  sod  FnutulU  salina. 
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This  difference  between  the  organisation  of  plants  and 
animals  causes  so  great  a difference  in  their  several  func- 
tions, that  it  is  difficult  to  compare  them  together.  In  plants 
we  find  no  trace  of  a system  of  circulation  and  respiration, 
of  stomach  and  intestines,  of  livers  and  kidneys,  of  brain  and 
nerves.  All  this,  especially  the  absence  of  the  two  latter  parts, 
draws  a clear  line  of  distinction  between  the  functions  of 
animals  and  planta  Although  they  exercise  several  vegetable 
functions  in  common,  both  absorbing  substances  and  elabo- 
rating them,  and  even  produce  some  substances  of  the  same 
kind,  yet  as  regards  all  other  functions  plants  and  animals 
are  entirely  different 

Of  late  it  has  often  been  pronounced  a law  of  nature,  that 
plants  prepare,  and  animals  consume,  organic  substances.  A 
mere  glance  at  the  chapter  in  which  I have  treated  of  the 
constituents  of  the  structure,  will  rebut  this  assumption, 
and  consequently  it  falls  to  the  ground.  This  law  is  not  one 
of  the  old,  but  of  the  neve  lawt  of  Nature,  in  which  the  pre- 
sent time  is  very  rich. 

The  organic  kingdom  has  this  principal  characteristic : that 
the  substances  which  it  contains  are  in  a state  of  continual 
exchange.  If  we  knew  but  one  substance  in  plants  which 
is'always  in  a state  of  transformation,  there  would  be  at  least 
one  point  to  guide  us  in  the  explanation  of  the  change  of 
materials.  The  question  here  is  not,  if  the  transformation  of 
that  one  substance  would  enable  us  to  trace  the  production 
of  every  other ; but  we  would  have  gained  much,  if  we  could 
sfith  certainty  point  out  one  primary  cause.  In  meteorology 
such  a cause  can  be  certainly  referred  to ; it  is  an  important 
recent  discovery,  that  the  heat  of  the  sun  is  the  only  cause 
of  the  change  of  the  weather ; and  yet  no  body  will  under- 
take to  trace  every  change  to  the  unquestionable  principle 
just  mentioned. 

It  would  be  an  important  acquisition  if  we  were  acquainted 
with  a general  substance  in  the  organic  kingdom  which  must 
naturally  be  in  a state  of  transformation  ; such  a substance 
could  then  be  regarded  as  a focus  of  action,  and  every  sub- 
sequent change  produced  by  it,  might  then  justly  be  called 
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a new  centre  of  action.  In  other  words,  if  science  were  able 
to  point  nut  in  the  vegetable  kingdom  a substance,  whi<^ 
is  in  a continual  state  of  transformation,  then  that  idea  oi 
vital  action,  which  I feel  myself  warranted  in  entertaining 
(1st  chapter),  would  receive  a powerful  support 

There  are  strong  grounds  for  assuming  that  the  itame 
substance,  which  is  in  the  animal  organism  the  first  source 
of  chemical  action,  performs  the  same  part  in  plants  ; — that 
is,  the  complex  group  which  we  call  protein. 

It  is  erroneously  stated  that  this  substance  is  elaborated  by 
plants,  and  consumed  by*  animals ; for  although  it  is  true 
that  it  is  formed  by  plants,  and  probably  not  by  animals,  yet 
the  plants  themselves  consume  a considerable  proportion  of 
the  protein  which  they  form. 

The  nitrogenous  substance  found  by  Payen  in  the  ex- 
tremities of  the  roots  of  plants  (p.  2-18),  is  undoubtedly  some 
protein  compound,  although  it  is  not  known  which.  But 
this  is  of  no  importance  to  the  present  purpose,  because  all 
protein  compounds  possess  the  property,  that  when  the  sub- 
stances between  which  a change  of  materials  takes  place 
occur  in  plants,  they  are  decomposed  and  converted  into  new 
products.  Most  likely  these  very  fibrillm  are  the  only  place 
where  this  protein  is  funned.  It  is  at  least  certain,  that  it  is 
formed  there,  because  it  is  found  there.  That  this  protein 
supplies  the  nitrogen  to  the  chlorophyle,  the  vegetable  alka- 
lis, and  the  other  nitrogenous  bodies,  is  equally  pn)bable,  as 
that  in  animals  it  sujiplies  the  nitrogen  to  gelatine  and  chon- 
drin.  But  further,  if  protein  is  really  the  source  of  every 
action  in  plants,  its  decomposition  must  necessarily  make  it 
decrease  in  every  part  where  its  nitrogen  produces  ammo- 
niacal  salts,  or  where  ammonia  is  expelled  in  the  state  of 
gas.  (Sec  Exhalation  of  Plants.) 

Payen*  discovered  it  in  almost  every  part  of  a plant,  al- 
though in  very  different  quantitiea  When  treating  of  the 
structure  of  plants  (7th  Chapter),  we  have  found  this  sub- 
stance of  frequent  occurrence,  and  we  know  besides,  that  it 
forms  very  frequently  part  of  the  contents  of  the  cells  This 

* Mi-moires  » r Icn  Divcloppcmcnti  dcs  VigSUux,  p.  17. 
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generality  of  its  presence  indicates  a generality  of  service, 
and  subtracting  what  is  left  in  the  seeds  and  other  parts  of 
the  plant,  the  remainder  can  hardly  perform  any  other  ser- 
vice than  to  become  the  source  of  a change  of  materiala 

It  deserves  special  notice,  that  protein  is  formed  at  the 
extremities  of  the  fibrillse,  and  is  in  other  places  again  partly 
consumed  and  decomposed.  These  fibrillse  are  in  this  re- 
spect quite  opposed  to  the  other  cells  of  the  plant,  and  they 
therefore  require  a peculiar  consideration. 

Are  these  hbrillae  wholly  peculiar  organs  ? Certainly  not ; 
they  are  only  groups  of  cells,  of  which  the  form  presents  no- 
thing remarkable.  But  they  are  placed  in  entirely  peculiar 
circumstances,  and  these  make  them  different  from  all  the 
other  cells  of  the  plant  The  contents  of  the  cells  of  the 
fibrils,  whilst  in  a state  of  action,  that  is,  of  transforma- 
tion, are  mixed  with  a very  complex  group  of  organic  sub- 
stances from  the  soil,  which  are  also  in  a state  of  transfor- 
mation,  and  this  intermixture  must  necessarily  produce 
peculiar  substances  which  cannot  be  formed  in  any  other 
part  of  the  plant,  because  these  circumstances  are  not  re- 
peated in  any  other  part  Now,  as  protein  is  found  at  the 
extremities  of  the  fibrillm,  and  could  not  have  been  brought 
there  from  another  place,  it  mutt  be  directly  formed  from  the 
organic  ammoniacal  ealte  of  the  toil. 

It  was  for  this  reason  that  I have  called  the  organic  sub- 
stances of  the  soil  indispensable  (p.  651). 

Prom  these  extremities,  the  protein  is  carried  throughout 
• the  plant,  but  at  the  same  time  it  is  here  and  there  altered, 
lessened  in  amount,  or  converted  into  new  products  Part 
of  it  is  carried  away  unaltered,  in  a state  of  solution  in  water, 
and  conveyed  towards  the  young  branches,  from  which  it 
reaches  the  fruits  and  leaves,  where  it  is  partly  deposited,  and 
partly  decomposed,  and  converted  into  other  substancea 
Payen  found  nitrogenous  substances  both  in  the  juice  of  cu- 
cumbers, and  in  the  liquid  obtained  from  a branch  of  the 
elder  tree,  by  washing  it  with  water.  The  sap  of  an  oak 
branch,  of  a mulberry,  a fig  tree,  a linden  tree,  a poplar,  and 
many  others,  all  yielded  ammonia  by  destructive  distillation. 
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It  is  to  be  regretted  that  Payen  has  not  examined  what  kind 
of  nitrogenous  substance  exists  there,  for  it  is  plain  that  it 
will  not  always  be  the  some  substance.  His  experiments 
have  not  settled  this  point  As,  however,  every  part  of  a 
plant  without  exception  contains  protein,  we  are  entitled  to 
trace  part  of  the  ammonia  which  Payen  obtained  to  this  source. 
I myself  found  it  alvuyg  present 

It  is  well-known  that  one  plant  contains  a larger  quantity 
of  this  nitrogenous  group  than  another.  The  conifene  con- 
tain but  little  of  it,  while  in  the  gramineae  a large  quantity 
is  present  Among  the  plants  that  are  used  os  food,  almost 
none  contain  so  much  albumen  as  the  various  kinds  of  cab- 
bage ; and  they  are,  therefore,  like  the  corn  plants,  excellent 
for  food.  When  the  juice  of  savoy  cabbage  is  heated,  a very 
considerable  coagulum  of  albumen  is  produced.  The  fresh 
sap  of  every  plant  yields  more  or  less  of  this  substance. 
The  amount  of  nitrogenous  substances  contuned  in  plants 
indicates  the  necessity  of  a proportionate  quantity  of  nitro- 
gen being  present  in  the  soil  Plants,  therefore,  that  are 
rich  in  nitrogen,  require  manures  containinga  large  proportion 
of  organic  ammoniacal  salta 

Although  it  is  by  no  means  certain  as  yet  that  an  albumi- 
nous substance  is  the  only  one  that  is  in  a state  of  transfor- 
mation, and  should  therefore  be  considered  as  the  primary 
source  of  action  in  plants,  it  is  beyond  doubt  that  this 
substance  acts  a principal  part  in  this  transformation. 
This  is  nut  at  all  at  variance  with  the  fact  that  albumen 
is  funned  in  plants ; and  it  may  very  well  be  formed  and  de- 
composed in  the  same  individual  If  these  two  operations 
were  performed  on  the  same  spot,  in  the  same  series  of  cells, 
then  it  would  certainly  appear  contradictory.  But  whilst  it 
is  formed  in  the  extremities  of  the  fibrillo:,  it  may  very  well 
be  that  it  is  decomposed  in  some  other  place. 

In  short,  we  may  adopt  the  principle  that  plants  con- 
tain a substance  generally  diffused,  which  is  formed  at  the 
extremities  of  the  fibrillee,  and  being  partially  decomposed 
in  the  plant,  thus  becomes  the  source  of  the  change  of  mate- 
rials which  is  there  performed. 
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But  the  phenomena  of  the  Vegetable  Kingdom  cannot  be 
fully  explained  without  the  assistance  of  a second  substance, 
riz.,  one  which  is  the  cause  of  those  frequent  de-oxidations 
by  which  phosphates  and  sulphates  are  decomposed,  metallic 
salts  reduced,  and  carbonic  acid  made  to  furnish  carbon.  It 
is  possible  that  the  primary  causes  of  these  de-oxidations 
may  be  several  in  number,  but  it  is  plain  that  one  would 
be  sufficient  If  we  knew  one  single  substance  which  could 
predispose  the  organic  elements  to  lote  oxygen,  as  we  know 
that  by  elevation  of  temperature  they  are  enabled  to  abtorb 
it,  we  should  indeed  have  advanced  a great  step.  But  such  a 
substance  can  as  yet  be  fixed  on  only  by  supposition,  and  I 
think  «re  might  is  this  respect  pay  some  attention  to  Scheele’s 
soapy  matter  (saponine).*  This  substance  is  not  only  very 
generally  difiused,  but  also  very  easily  changeable,  and  prone 
to  absorb  oxygen,  and  it  may,  therefore,  safely  be  considered 
as  one  of  the  substances  in  the  Vegetable  Kingdom  which  are 
capable  of  inducing  these  frequent  de-oxidationa 

But  whether  or  not  the  soapy  matter  of  Scheele  be  such  a 
substance,  there  must  be  one  of  this  kind,  which,  like  protein, 
is  formed  in  the  fibrils,  and  is  from  thence  diffused  through- 
out the  plant ; one  which  communicates  its  own  condition 
to  every  substance  with  which  it  comes  in  contact,  and  there- 
fore predisposes  everything  to  part  with  oxygen,  and  the 
oxygen  itself  to  be  separated. 

It  is  evident  that  such  a substance  cannot  be  produced 
from  the  food  that  has  entered  through  the  leaves,  nor  from 
the  carbonic  acid,  which  is  so  rich  in  oxygen. 

It  can  only  be  produced  from  the  organic  food  of  the  soil, 
and  being  formed  in  the  root,  and  from  thence  carried  up- 
wards, it  will  spread  its  influence  through  the  whole  plant  * 

It  is  an  important  question  to  solve  what  that  substance 
can  be.  But  whatever  name  it  may  bear,  we  are  already  per- 
fectly acquainted  with  its  chief  property,  viz.,  to  induce  the 
separation  of  the  oxygen, — to  deprive  the  carbon,  hydrogen, 

* 1 take  thU  enbetance,  however,  at  present,  as  a single  organic  groop,  al- 
though it  may  contain  several  combined. 
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and  nitrogen,  of  the  power  either  of  uniting  with  oxygen  or 
of  remaining  combined  with  it 

But  if  protein  is  formed  in  plants  and  partially  employed 
to  elicit  a change  of  materials,  and  if  toapp  matter  is  formed 
in  plants,  and  partially  employed  to  produce  a tendency  to 
de-oxidation,  what  are  the  means  through  which  this  protein 
and  soapy  matter  are  at  first  prepared  ? I shall  endeavour 
to  ofier  some  explanation  on  the  first  point 

If  the  protein  in  the  fibrils  is  once  in  a state  of  production, 
and  if  it  is  produced  from  the  ulmates,  humates,  geates,  apo- 
crenates,  and  crenates  of  ammonia  in  the  soil,  then  we  can 
conceive  the  continuation  of  that  production  in  and  titronpk 
itself,  as  we  can  form  an  idea  regarding  the  continuation  of 
every  action  in  Nature  in  and  through  itself.  I have  again  re- 
course to  the  example  of  yeast,  because  this  substance  is,  as  it 
were,  continually  in  a state  between  death  and  lifa  As  soon  as 
one  single  cell  of  yeast  has  been  produced  in  a fermenting  li- 
quid, the  formation  of  more,  of  numbers  of  cells  commences, 
and  soon  innumerable  quantities  appear.  Is  the  one  pro- 
duced by  the  other?  We  have  observed  (p.  76)  that  organic 
beings  do  not  produce.  The  circumstances  through  which  the 
first  cell  of  yeast  was  formed  are  supported,  and  continue 
through  and  in  this  production ; the  formation  of  a second 
cell  is  therefore  a direct  consequence  of  the  continuation  of 
these  circumstances,  and  this  goes  on  until  the  material  has 
produced  the  last  cell  of  yeast 

If  one  cell  of  yeast,  whilst  in  the  nascent  state,  has  the 
effect  that  the  circumstances,  favourable  to  thb  production, 
continue  to  act  in  two  or  more  directions,  then  the  substances 
that  are  placed  in  these  several  directions  will  at  the  same 
time  be  affected,  and  consequently  one  globule  of  yeast  in  ■ 
short  period  be  followed  by  two  and  more  others.  Each  of 
th^se  new  cells  again  direct  the  existing  circumstances  in  the 
same  way,  and  thus  a very  rapid  increase  of  the  cells  will  na- 
turally be  effected. 

Now  if  we  apply  the  same  reasoning  to  the  cells  of  the  fibrils, 
then  we  obtain  at  least  some  idea  of  the  production  of  protein 
within  them,  and  of  the  continuation  of  this  action.  There 
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can  be  no  doubt  that  this  production  is  contemporaneous  with 
that  of  the  cells  of  the  fibrils  themselves,  and  that  the  orga- 
nic salts  of  the  soil,  mixed  with  inorganic  substances,  are  the 
materials  of  production  both  for  the  protein  and  the  envelop- 
ing cells  ; — in  the  same  manner  as  the  cells  of  yeast  find  these 
materials  in  the  saccharine  fluids,  mixed  with  albumen  and 
dextrin. 

We  know  nothing  whatever  regarding  the  manner  in  which 
the  carbonic  acid,  when  taken  up  by  plants,  is  included  in  the 
circle  of  transformation  and  converted  into  food.  It  was  long 
known,  and  generally  acknowledged  as  a fact,  that  plants  have 
the  power  of  decomposing  carbonic  acid,  and  that  therefore 
this  must  be  the  material  from  which  the  substances,  con- 
tained in  plants,  are  produced.  Although  this  had  already 
been  remarked  by  Ingenhousz,  yet  Liebig  was  the  first  who 
brought  it  under  the  notice  of  physiologists,  so  as  to  draw 
'general  attention  to  it.  But  what  has  thus  been  brought  to 
light,  is  confined  to  the  general  notion,  that  the  organic  con- 
stituents of  the  soil  are  insufficient  for  the  growth  of  plants ; 
that  the  latter  must  derive  part  of  their  substances  from  the 
atmosphere,  and  that  from  this  source  they  can  obtain  no- 
thing else  than  water,  carbonic  acid,  oxygen  (and  nitrogen). 
I consider  it,  however,  as  certain,  that  Liehig,  by  placing  these 
known  facts  in  a clear  light,  has  rendered  an  important  ser- 
vice to  science. 

I have  said  that  it  is  not  known  in  what  manner  the  con- 
version of  carbonic  acid  within  plants  is  effected,  what  be- 
comes of  it,  and  by  what  means  it  is  made  to  undergo  that 
change.  We  may,  however,  present  it  under  a general  point  of 
view.  In  the  present  state  of  science,  we  may  safely  conceive, 
that  some  vegetable  substances  act  upon  carbonic  acid  in  a 
manner  exactly  the  opposite  of  that  in  which  porous  inorganic 
bodies,  such  as  pumice-stone,  and  especially  spungy  platinum, 
act  at  a somewhat  elevated  temperature  upon  tartaric  acid, 
citric  acid,  oil,  butter,  and  other  substances.  (Reiset  and 
Millon  in  Ann.  de  Chim.  et  de  Phys.  Juillet,  1843,  p. 
180.)  All  these  are  decomposed  into  carbonic  acid  and  wa- 
ter, in  consequence  of,  as  we  call  it  at  present,  some  chemical 
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impulse  or  impression  which  the  substances  receive  from  pla- 
tinum, or  pumice-stone,  heated  to  a certain  temperature  ; — ^in 
other  words,  by  catalysis,  as  we  usually  call  it  (see  p.  32). 
In  olive  oil  this  change  is  even  effected  at  276°  P.,  in  butter 
at  294°  F. 

Now,  there  are  certain  vegetable  substances  which  appear  to 
act  in  a directly  contrary  way.  When  water,  impregnated 
with  carbonic  acid,  is  absorbed  by  the  roots  of  plants,  the 
leaves  give  out  oxygen  instead  of  carbonic  acid.  The  carbonic 
acid  that  is  absorbed  and  retained  by  the  leaves,  is  under  si- 
milar influences  transformed  into  vegetable  substancea  This 
fact  admits  of  no  doubt,  but  we  have  not  yet  advanced  any 
further,  and,  as  science  can  afford  us  no  satisfactory  explana- 
tion on  this  point,  unless  it  enters  into  particulars, — which  it 
has  not  yet  done, — we  are  bound  to  acknowledge,  that  we 
are  completely  ignorant  on  this  subject 

I cannot,  however,  conceal  my  surprise,  that  we  should  be 
so  much  satisfied  with  the  amount  of  knowledge  we  possess 
of  other  phenomena  that  are  equally  obscure,  and  that  on 
the  other  hand  so  much  should  be  required  from  the  science 
of  life  Fermentation  is  considered  duly  explained,  by  stat- 
ing that  the  yeast  decomposes  the  sugar,  converting  it  into 
carbonic  acid  and  alcohol  But  it  may  be  asked,  do  we  un- 
derstand this  decomposition  ? We  must  confess  that  we  do 
not ; but  we  acknowledge  it  as  a fact,  because  we  see  it 

But  if  we  saw  not  a decompotition,  but  alcohol  and  carbonic 
acid  combining  together  into  sugar,  through  the  influence  of  a 
third  substance,  should  we  understand  this  in  a less  d^ree  ? 
Certainly  not,  for  we  cannot  understand  less  than  nolking. 

But  if  we  do  extend  our  desire  to  a thorough  undentanding 
of  this  subject,  because  there  is  no  action  in  Nature  into 
which  we  can  penetrate  far  enough  to  obtain  a pure  and  full 
conception, — and  if  we  rest  satisfied  with  representing  the  idem 
itself  under  a certain  form,  then  this  idea  will  not  be  altered 
in  value,  whether  we  add  carbonic  acid  to  alcohol  to  obtain 
the  composition  of  sugar,  or  subtract  carbonic  acid  from 
sugar,  for  instance : — 
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Prom  sugar, C^2  0^2 

Take  4 of  carbonic  acid,  C* 

08 

C< 

And  we  have  alcohol,... 

H12  0* 

C* 

Or  to  alcohol, C® 

HU  0< 

Add  4 of  carbonic  acid, 

08 

And  we  have  sugar,  CP*  Qi* 

The  duty,  therefore,  which  vegetable  chemistry  has  yet  to 
perform  with  regard  to  the  carbonic  acid,  is  to  explain  into 
what  class  of  substances  this  carbonic  acid  is  transformed,  or 
with  what  groups  of  substances  in  plants  it  is  united,  con- 
necting them  into  mere  complex  bodies. 

It  appears  from  the  old  experiments  of  Ingenhousz,  and  is 
confirmed  by  every  one  that  has  since  been  made — that  car- 
bonic acid  is  not  decomposed  in  the  dark,  but  only  through  the 
influence  of  the  light  of  the  sun  ; that  the  leaves  and  other 
green  parts  do  not  emit  oxygen  in  the  dark,  but  only  in  the  sun. 

This  leads  to  two  important  conclusions : — 1st,  That  only 
those  part  of  plants,  which  are  either  thin  or  penetrable  by 
light,  afford  an  opportunity  for  the  decomposition  of  carbonic 
acid,  and  that  this  must  therefore  take  place  chiefly  in  the 
leaves.  2d,  That  the  carbonic  acid,  which  enters  into  the 
root  along  with  the  rain-water,  being  beyond  the  influence  of 
light  whilst  in  the  interior  of  the  plant,  cannot  be  then  de- 
composed ; but  that,  with  the  exception  of  a part  which 
reaches  the  surface  of  the  stem,  and  is  thus  exposed  to  the 
light,  the  rest  must  ascend  into  the  leaves,  to  be  there  de- 
composed by  the  influence  of  light 

It  is  very  possible,  however,  that  the  de-oxidising  sub- 
stance, which  causes  the  decomposition  of  carbonic  acid  in 
the  leaves  under  the  influence  of  light,  gives  rise  to  other 
products  of  de-oxidation  of  organic  groups  in  the  interior  of 
the  plant,  and  without  the  co-operation  of  light,  converting 
substances  rich  in  oxygen  into  such  as  contain  but  little  of 
this  element 

We  have,  therefore,  apparent  reason  for  the  following  con- 
clusions : — 
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a.  We  know  no  substance  in  plants  which  contains  so 
much  oxygen  as  carbonic  acid ; whilst  there  exist  on  the  con- 
trary in  plants  many  substances  free  from  oxygen.  In  plants, 
therefore,  there  exists  a tendency  to  de-oxidation. 

b.  The  carbonic  acid  absorbed  can  produce  by  itself  no  new 
compound,  but  requires  for  this  purpose  the  aid  of  other  sub- 
stances. 

e.  It  is  unlikely  that  water  alone  would  be  sufficient  for 
this. 

d.  A small  quantity  of  the  organic  constituents  of  the  soil 
is  indispensable  to  the  growth  of  plants.  It  is  possible  that 
these  substances,  which  without  the  plants  have  always  a 
tendency  to  oxidation,  act  first  upon  the  carbonic  acid,  de- 
priving it  of  oxygen. 

e.  As  heating  promotes  oxidation,  so  the  growth  of  plants 
promotes  de-oxidation.  As  one  substance,  when  in  a state 
of  oxidation,  excites  the  same  phenomenon  in  another  sub- 
stance. dc-oxidation  acts  in  a similar  manner  in  planta 

/.  If  we  therefore  knew  but  one  general  substance  in 
plants,  dissolved  in  the  sap  of  the  cells,  and  being  naturally 
in  a state  of  de-oxidation,  in  the  same  way  as  sulphur  or 
potassium  is  always  in  a state  of  oxidation,  then  we  could 
explain  the  general  tendency  of  plants  to  de-oxidation. 
Such  a substance,  however,  is  as  yet  unknown. 

ff.  But  from  whatever  substance  this  de-oxidising  action 
may  proceed,  the  phenomena  themselves  are  clearly  appa- 
rent, from  the  reduction  of  metallic  salts  to  the  metallic 
state,  or  to  lower  stages  of  oxidation  (p.  625),  from  the  pro- 
duction of  fats  and  ethereal  oils,  and  from  the  emission  of 
oxygen  itself  through  the  green  parts  of  plants. 

A We  do  not  look  for  the  source  of  this  action  in  otyant, 
as  such,  but  in  tubttancet  which  the  plants  contain ; for  all 
the  products  of  plants,  whether  of  a definite  form  or  not,  are 
the  results  of  the  mutual  actions  of  matter. 

The  nature  and  composition  of  many  general  substances 
which  are  common  to  all  or  the  greater  number  of  plants, 
leads  to  the  natural  conclusion,  that  in  the  majority  of 
plants  the  food  must  in  most  cases  undergo  the  same  change, 
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because  otherwise  it  could  not  produce  these  general  sub* 
stances.  Cellulose,  albumen,  mucilage,  starch,  chlorophyle, 
incrusting  matter,  and  several  others,  are  but  seldom  absent 
in  plants.  Nature,  although  multifarious  in  its  modifications, 
is  simple  in  its  principles  ; for  a small  number  of  principal 
substances  constitutes  the  entire  animal  and  v^etable  king- 
dom. (See  Chapter  VII.)  But  this  general  diffusion  of  the 
same  substances  which  are  the  fundamental  materials  from 
which  the  bulk  of  the  whole  is  built  up,  is  the  very  reason  of 
the  difficulties  attending  the  investigation  of  the  great  va- 
riety of  special  producta  The  bulk  both  of  an  oak  and  a fir 
tree  is  incrusted  cellulose  ; and  yet,  although  they  may  grow 
near  each  other,  the  former  is  full  of  tannic  acid,  and  the 
latter  of  volatile  oil  and  a resin,  the  product  of  its  oxida- 
tion. The  same  food,  therefore,  produces  the  same,  and  also 
different  substances,  which  can  arise  from  nothing  else  than 
from  a difference  in  the  composition  of  the  masses,  which 
are  apparently  similar,  or  rather,  which  must  be  explained 
by  a difference  in  the  composition  of  quantities,  however 
small,  of  peculiar  substances  in  the  seed  of  the  planta  This 
difference,  however  similar  the  products  may  be,  must,  from 
the  very  beginning  of  the  development,  give  rise  to  a certain 
diversity  in  form  and  products,  which,  once  existing,  is  main- 
tained throughout  the  life  of  the  plant,  and  passes  to  all  the 
succeeding  generations,  because  the  same  plants  produce  the 
mme  seeds  with  their  invariable  peculiar  substancea  The 
ffrott  result  of  chemical  analyses,  viz.,  that  different  kinds  of 
wood  approach  each  other  in  composition,  or  that  different 
vegetable  tissues,  after  being  treated  with  various  solvents, 
always  yield  the  same  cellulose — these  results  tell  us  nothing 
regarding  the  true  composition  of  that  active  substance  which 
causes  and  influences  the  transformation  of  the  food.  Such 
chemical  investigations  cannot  serve  for  the  explanation  of 
any  function  ; and  hence  we  may  see  the  still  defective  con- 
dition of  natural  science. 

When  considering  the  changes  that  take  place  in  the  che- 
mical substances  of  which  plants  and  animals  arc  composed, 
we  pay  too  little  attention  to  what  must  ensue,  when  they 
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merely  act  in  mutual  contact  for  some  time,  without  being 
affected  by  any  extraneous  cause.  In  plants,  we  find  a dilute 
solution  of  several  substances  in  water,  which  is  inclosed  in 
membranaceous  bags,  in  which  it  remains  for  months  or 
years ; in  animals  a different  mixture  exists,  inclosed  in  and 
circulating  through  tubea  In  plants,  these  substances  are 
exposed  to  the  action  of  the  atmosphere,  and  in  summer  to  a 
considerable  increase  of  temperature ; whilst  in  animals  they 
retain  a degree  of  heat  which  is  tolerably  constant  for  each 
species. 

What  will  take  place,  if  we  expose  the  sap  of  a plant  to 
the  heat  of  the  sun,  or  human  blood  to  a temperature  of 
100°  F.  ? 

Although  I am  far  from  thinking,  that  the  chemical 
change,  which  the  substances  in  these  two  liquids  will  then 
undergo,  is  the  only  source  of  vital  action, — for  the  solid  parts 
of  the  organism  are  transformed  at  the  same  time, — yet  I 
am  of  opinion,  that  this  change  is  an  important  cause  of 
the  vital  functions  When  blood  is  removed  from  the  ani- 
mal body,  the  substances  which  it  holds  in  solution  will  be 
decomposed  in  a short  time,  in  consequence  of  the  forces 
inherent  in  the  molecules  of  which  these  substances  consist 
The  decomposition  will  be  begun  by  the  heat,  it  will  con- 
tinue by  the  operation  of  the  air,  and  it  will  not  cease  until 
every  organic  constituent  has  been  converted  into  carbonic 
acid,  water,  and  ammonia  But  before  these  final  products 
are  formed,  a vast  number  of  intermediate  substances  will  be 
produced.  As  an  instance  of  these  I may  mention  butyric 
acid,  which  is  formed  when  fibrin  is  exposed  to  the  air.  (J. 
Birtz,  Joum.  de  Pharm.  et  de  Chimie,  Aofit  1844,  p.  122.) 

The  substances  which  are  produced  from  the  blood  with- 
out the  body,  must  be  partly  the  same,  and  partly  dif- 
ferent from  those  that  are  produced  within  the  body.  Being 
contained  in  a closed  system  of  tubes,  in  which  it  circulates 
at  a temperature  of  about  100°  F.,  and  coming  into  con- 
tact with  the  air,  every  one  of  its  constituents  that  are  liable 
to  chemical  changes  must  come  into  a state  of  transforma- 
tion, and  persist  in  that  state.  This  blood,  whilst  in  such  a 
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condition,  flows  from  the  capillary  system  as  nutritive  liquid. 
There  it  meets  with  soft  tissues,  which  also  are  in  a humid 
state,  are  at  a temperature  of  100°  F.,  and  consequently  also 
in  a state  of  decomposition  ; for  when  meat  is  exposed  to  the 
air  at  100°  F.,  it  is  decomposed  in  a few  daya  The  substance 
of  the  muscles,  and  all  other  parts,  are  likewise  decomposed 
within  the  body  of  the  animal,  although  the  products  may  be 
different  from  those  formed  without  the  body.  In  this  man- 
ner there  is  a mutual  contact  between  blood  and  tissues,  both 
in  a state  of  decomposition,  and  this  produces  a reciprocal 
reaction,  which  terminates  in  a new  change  of  both. 

It  is  much  to  be  regretted,  that  so-called  dead  and  living 
nature  have  for  so  many  years  been  placed  in  opposition  to 
each  other.  Notwithstanding  the  manifold  differences  in  the 
products  of  both,  the  changes  occurring  within  and  without 
the  organic  body  are  in  many  respects  similar.  However 
great  these  differences  may  be,  the  decomposition  of  organic 
substances  both  within  and  without  an  organic  body  arises 
from  one  and  the  same  primary  cause,  namely,  from  the 
forces  that  are  inherent  in  the  elements  of  which  these  sub- 
stances are  composed. 

The  only  question  is,  in  what  respect  do  the  circumstances 
differ  in  which  the  same  substances  are  placed?  When 
organic  substances  are  left  completely  at  rest,  at  a certain 
temperature,  and  in  a certain  degree  of  humidity,  they  give 
rise  to  other  substances,  which  are  called  at  one  time  pro- 
ducts of  fermentation,  at  another  products  of  decay  (erema- 
causis),  or  of  putrefaction.  When  moving  in  a system  of 
closed  tubes,  and  in  contact  with  other  substances,  the  re 
suiting  products  are  of  a different  character  ; different,  not 
because  the  decomposition  itself  is  of  a different  nature,  but 
because  it  takes  place  under  different  eircunutanees.  For  in- 
stance, organic  sul)stances  and  sulphates,  which  are  present 
both  in  stagnant  water  and  in  the  inte.stines  of  mammalia, 
give  rise  in  both  cases  to  the  same  gaseous  products,  viz.,  sul- 
phuretted hydrogen,  carburetted  hydrogen,  carbonic  acid,  and 
carbonic  oxide : the  oxygen  of  the  air  contained  in  them  dis- 
appears, and  the  nitrogen  is  left. 

a u 
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The  blood  which  circulates  through  the  animal  body,  is  in 
entirely  different  circumstances,  and  the  mode  of  decomposi- 
tion is  therefore  different  Yet  decomposition  takes  place, 
and  arises  from  the  same  causes  by  which  the  gases  men- 
tioned above  are  produced  in  stagnant  water,  ot  in  the  in- 
testines of  mammalia. 

Heat  has  an  unlimited  influence  in  changing  the  chemical 
forces  of  the  elements,  and  consequently  in  modifying  the 
composition  of  the  compounds.  The  truth  of  this  is  apparent 
from  the  effects  of  destructive  distillation  ; for  in  this  opera- 
tion we  are  enabled  to  convert  the  same  compound  into  en- 
tirely different  products,  merely  by  applying  different  tempe- 
ratures. 

A precisely  analogous  case  is  exhibited  in  the  animal  body. 
The  liver  and  the  alimentary  canal  are  always  exposed  to 
the  same  temperature,  and  therefore  the  change  in  the  ele- 
ments of  the  blood,  within  these  organs,  must  be  influenced 
by  the  temperature  in  a manner  different  from  what  takes 
place  in  the  skin,  where  the  temperature  is  variable  This 
difference  between  these  two  distinct  parts  reacts  upon  the  en- 
tire organism ; for  all  parts  are  brought  into  mutual  relation 
by  the  system  of  blood  vessels  w’hich  pervades  the  whole 

The  different  amount  of  heat,  peculiar  to  different  classes 
of  animals,  has  a similar  influence  upon  their  functions.  This 
heat  is  partly  an  effect  of  the  chemical  change  of  materials, 
though  on  the  other  hand  it  gives  to  this  change  the  specific 
directions  in  which  it  is  performed.  For  these  reasons,  there- 
fore,— leaving  others  at  pre$ent  out  of  sight, — the  products 
of  the  decomposition  of  the  blood  in  reptiles  differ  from  those 
of  the  blood  in  birds  and  mammalia,  because  their  l>odics 
possess  a different  temperature. 

In  the  vegetable  kingdom  there  is  much  less  connexion 
between  the  several  parts  of  an  individual,  because  there  is 
no  circulation  through  a central  organ.  Yet  we  here  recog- 
nise the  same  primary  causes  of  action  as  in  animals,  name- 
ly, a continual  change  of  materials,  provided  the  elements  of 
which  the  compounds  consist  are  predisposed  to  this  change 
by  heat.  A vegetable  sap.  which  ferments  without  thcjilam. 
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cannot  be  inactive  within  it  In  the  latter  case  its  constitu- 
ents are  also  changed,  but  in  a manner  different  from  what 
takes  place  in  fermentation,  because  there  are  differences  both 
in  the  exchanging  substances  and  in  the  circumstances  attend- 
ing them.  By  a low  temperature  both  fermentation  and  vegeta- 
ble functions  are  paralysed  ; by  the  heat  of  summer  both  are 
excited. 

In  animals  there  exists  a circulation,  put  into  motion  by 
means  of  the  heat,  and  this  causes  similarity  in  their  pro- 
ducts, and  simplicity  in  their  effects  ; in  plants,  on  the  con- 
trary, no  such  system  for  the  circulation  of  fluids  exists,  and 
this  is  the  cause  of  that  unlimited  variety  of  organic  products 
which  we  find  in  them.  Every  where  portions  of  the  general 
nutritivefluid  are  withdrawn  from  the  influence  of  the  remain- 
der, and  these  portions,  being  enclosed  in  separate  cavities, 
subject  to  peculiar  influences,  may  undergo  peculiar  changes, 
of  which  the  manifestation  is  characterised  by  entirely  pecu- 
liar products. 

Besides  the  intermixture  of  heterogeneous  substances  in 
the  various  cells,  of  which  the  mutual  contact  must  give  rise 
to  an  exchange  of  constituents ; and  besides  the  summer’s 
heat,  which  may  be  compared  to  the  temperature  of  diges- 
tion,— there  exists  another  important  source  of  chemical  ac- 
tion among  the  substances  which  are  enclosed  in  the  cells  of 
plants  in  a state  of  solution,  viz.,  the  light  which  shines  up- 
on plants.  From  inorganic  chemistiy  we  can  quote  instances 
of  elementary  bodies  being  united  solely  by  the  action  of 
light ; for  chlorine  and  hydrogen  are  thus  combined  into 
hydrochloric  acid.  Therefore,  what  we  see  take  place  in 
the  leaves,  viz.,  that  under  the  influence  of  light,  they  emit 
oxygen  in  return  for  the  carbonic  acid  and  water  absorbed, 
and  produce  new  substances,  such  as  wax, — is  an  action 
analogous  to  that  which  we  see  in  the  mutual  action  of  chlo- 
rine and  hydrogen.  Light,  therefore,  is  a powerful  exciter 
of  chemical  action  in  plants,  a source  of  multifarious  changes 
of  materials,  a cause  of  important  functions  of  the  vegetable 
kingdom. 

We  have  already  remarked,  that  light  exercises  its  influence 
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only  on  the  surface,  or  in  the  transparent  parts  of  plants. 
But  as  soon  as  by  the  influence  of  light,  peculiar  substances 
have  been  formed  at  certain  places,  they  are  by  an  endos- 
motic  exchange  readily  transferred  to  other  parts  of  the 
plant,  where  they  induce  a new  change  of  materials. 

There  exists  in  plants  a peculiar  source  of  this  change, 
which  must  without  doubt  be  ascribed  to  a concurrence  of 
causes,  individually  of  little  power,  such  as  small  differences 
of  temperature,  light,  evaporation,  or  endosmotic  exchange ; 
but  which,  whatever  its  origin  may  be,  appears  as  an  impor- 
tant cause  of  transformation, — I mean,  the  so-called  motion  of 
Brown.  It  is  exceedingly  interesting  to  observe  the  conti- 
nual motions  of  minute  molecules  in  the  limpid  contents  of  a 
cell ; to  see  them  attracting  each  other,  the  one  revolving 
round  the  other,  and  sometimes  circulating  along  the  cell- 
wall  in  a regular  direction.  It  is  a phenomenon  highly  at- 
tractive, which  the  observer  can  scarcely  behold  long  enough. 

This  uninterrupted  motion,  which  we  must  naturally  sup- 
pose to  be  performed  by  every  particle  of  the  contents,  because 
those  that  are  visible  are  in  motion,  must  have  a most 
powerful  influence  upon  the  change  of  materiala  This  motion 
overcomes  the  inertia  of  the  molecules,  and  establishes  a 
mutual  contact  between  these  of  a most  dissimilar  nature. 

But  though  this  motion  is  one  cause  of  the  change  of  ma- 
terials, it  may,  whilst  this  change  takes  place  in  the  contents 
of  the  cells,  be  partly  an  effect  of  it  This  motion  is  not  how- 
ever, an  effect  of  the  change  of  materials  alone,  because  it  is 
also  performed  by  neutral  substances,'  provided  they  are  in  a 
state  of  very  fine  division. 

It  requires  a mere  glance  at  the  phenomena  that  take  place 
in  the  vegetable  kingdom,  to  induce  us  to  divide  its  products 
at  once  into  two  classes,  viz.,  those  that  are  in  a state  of  trans- 
formation, and  those  that  have  been  transformed,  and  under- 
go no  further  change.  I consider  this  an  important  distinction 
Besides  the  so-called  secretions  and  excretions  there  are  many 
— and  these  constitute  the  main  bulk  of  the  solid  |>arts  of  s 
plant — which,  being  once  formed,  undergo  no  further  change. 
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Of  the  latter  class  is  the  entire  woody  tissue,  which  succes- 
sively extends  itself,  and  of  which  the  walls  become  incrusted, 
but  without  its  undergoing  any  further  chemical  change. 

This,  therefore,  constitutes  areal  difference  between  plants 
and  animals.  In  the  latter,  the  several  parts  of  the  structure 
are  throughout  their  life  more  or  less  renewed,  a renovation 
to  which  most  of  the  parts  of  the  vegetable  structure  are  not 
subject  It  is  an  erroneous  expression,  therefore,  to  call  fully 
formed  wood  a living  substance,  for  no  renovation  of  its  sub- 
stance takes  place : it  persists  in  its  acquired  state,  and  the 
reason  why  it  exhibits  no  phenomena  of  decay  or  putrefac- 
tion is,  that  it  remains  beyond  the  reach  of  those  influences 
by  which  such  changes  could  be  produced.  The  cuticle,  the 
cells  of  the  epidermis  of  full  grown  plants,  and  even  all 
cells  consisting  of  pure  cellulose  and  duly  developed,  may 
likewise  be  called  lifeless,  because  the  change  of  materials 
has  here  entirely  ceased.  Their  existence  is  similar  to  that 
of  the  hair  and  nails  of  animals.  The  elementary  parts  of 
plants  of  this  cla^  are  very  numerous,  and  likewise,  there- 
fore, the  substances  of  plants  that  ought  not  to  be  called 
living,  although  they  transmit  fluids  and  are  from  time  to 
time  covered  with  new  layers. 

The  substances  in  plants  which  are  in  a state  of  transfor- 
mation are  so  in  very  different  degrees.  They  are  of  two  kinds. 
Those  from  which  the  primary  cause  of  action  proceeds,  and 
by  which  it  is  sustained — these  substances  must  be  present 
in  every  seed,  nay  in  every  living  organ  of  plants, — and  those 
which  are  brought  into  motion  by  the  former, — these  consti- 
tuting the  food  and  all  that  is  produced  from  it, — until  they 
have  reached  a certain  point  where  the  action  ceases  and 
they  have  come  to  rest  If  this  exchange  went  on  without 
interruption,  and  if  certain  groups  were  not  withdrawn  from 
the  powerful  deoxidating  action,  the  whole  vegetable  king- 
dom would  be  resolved  into  ethereal  oils  without  oxygen. 

The  transformation,  therefore,  in  which  some  constituents 
of  plants  are  engaged,  is  an  effect  of  the  presence  of  sub- 
stances which  are  brought  into  chemical  change  through 
heat  and  light,  and  involve  others  in  a similar  change.  In 
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like  matiner  the  state  of  rest  of  those  which  are  not  further 
transformed,  arises, — 1°  From  the  absence  of  those  energetic 
groups  of  which  the  constituents  are  always  changing.  2^ 
P’roin  the  discontinuance  of  the  access  of  water,  which  is 
necessary  to  keep  the  molecules  in  motion  ; or,  3°  From  a 
certain  state  of  equilibrium  of  the  elements  of  such  groups, 
which  is  too  stable  to  be  affected  by  disturbing  influences. 

The  following  points  are  to  be  attended  to  in  the  investi- 
gation of  the  change  effected  in  the  food,  after  it  has  been 
taken  up  by  the  plant  1°  The  food  itself.  2°  The  manner 
in  which  it  penetrates  through  the  exterior  of  the  jdant  3° 
The  organs  through  which  it  moves.  4°  The  way  in  which 
this  motion  takes  place.  5°  The  solid  substances  which  are 
separated  from  it,  and  constitute  the  materials  of  which  the 
tissue  of  the  plant  is  built  up.  6°  The  liquid  contents  of 
cells  and  vessels.  7°  The  solid,  liquid,  and  gaseous  substances 
which  are  excreted  by  the  plant. 

The  first  two  points  have  been  considered  in  the  former 
chapter.  The  third,  fourth,  fifth,  and  sixth  now  clum  our 
attention. 

O.  Of  the  Organs  through  which  the  Food  moves  in  the  Plant 

The  organs  in  which  all  that  belongs  to  the  food  of  plants 
must  be  contained,  and  through  which  it  can  be  conveyed 
from  one  place  to  another,  are  cells  and  vessels.  These  are 
the  organs,  in  which  the  change  of  the  food  must  take  place 

V Ofth^  Celis. 

With  reference  to  the  change  of  the  substances  that  are 
taken  up  from  without,  we  divide  the  cells  into  thin-walled, 
consisting  of  pure  cellulose,  and  thick-walled,  which  contain 
other  substances  besides.  Thin-walled  cells  are  thin,  mem- 
branaceous bags,  by  which  the  sap,  with  all  that  it  contains, 
is  divided  into  innumerable  small  portiona  After  being  form- 
ed, they  do  not  exercise  any,  or  only  a very  feeble  chemi- 
cal influence  upon  their  contents.  They  may  almost  be  con- 
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sidered  as  inactive  receptacles.  They  consist  of  cellulose, 
combined  with  a small  quantity  of  inorganic  bases,  and  con- 
tain not  a trace  of  those  niti;pgenous  substances  which  are 
capable  of  bringing  other  substances  into  activity.  Their 
chief  service,  therefore,  is  to  act  as  little  reservoirs,  minutely 
subdividing  the  fluids,  so  as  to  prevent  them  remaining  in  one 
continuous  mass.  If  a plant  were  one  single  bladder  or  cell, 
filled  with  liquid,  only  one  kind  of  change  of  materials  could  be 
produced.  The  diversity  of  this  change,  by  minute  differences 
in  external  influence,  will  increase  with  the  augmentation 
of  the  number  of  the  cells,  which  were  originally  filled  with 
the  same  liquid. 

Let  us  imagine  a plant,  consisting  of  nothing  but  cells, 
which  are  for  a moment  everywhere  filled  with  the  same  li- 
quid. Whilst  moisture  is  evaporating  at  the  extremities  of 
the  plant,  leaving  solid  matter  behind,  these  spots  must  be  the 
starting  points,  where  a general  diversity  in  the  liquid  of  the 
cells  is  first  produced,  and  of  which  the  natural  effect  must 
be,  that  the  substances  produced  will  vary  with  the  height  to 
which  they  have  ascended.  A thin,  watery  liquid  is  conti- 
nually supplied  from  beneath,  whilst  water  is  evaporated  at 
the  top.  The  saps  that  are  most  concentrated,  all  undergo 
the  greatest  change,  and  their  products  will  present  the 
greatest  variety.  These  cells,  however,  are  membrana- 
ceous bags,  between  which  there  is  an  endosmotic  interchange. 
The  greater,  therefore,  the  diversity  produced  by  simple  eva- 
poration, the  greater  will  be  the  difference  produced  by  the 
endosmotic  interchange  of  the  substances  contained  in  the 
cella 

Cellular  plants,  therefore,  contain  those  substances  which 
can  be  produced  from  their  contents  by  the  mutual  action  of 
the  constituents.  They  are  to  be  considered  as  a series  of 
little  troughs,  filled  with  various  kinds  of  liquid  ; little 
troughs  through  which  these  liquids  can  pass  and  mix  toge- 
ther, thus  not  only  sustaining,  but  even  increasing  their  di- 
versity. All  the  new  substances  fonned  in  such  ii  plant,  are 
the  products  of  the  mutual  action  of  the  constituents  of  the 
cellular  sap. 
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There  are,  however,  two  sources  of  interchange,  which 
must  be  taken  into  account.  The  seeds  from  which  the  first 
cells  of  such  a plant  are  developed,  impart  to  it,  not  only  a 
serie.s  of  cells,  but  at  the  same  time  active  cellular  contents. 
In  other  words,  the  new  plant,  which  grows  from  the  seed, 
on  receiving  tlie  contents  of  the  cells  of  the  latter,  is  supplied 
with  substances  that  are  in  a continual  state  of  transforma- 
tion, which  they  communicate  to  everything  with  which 
they  come  in  contact ; in  short,  with  substances  that  excite 
activity.*  This  activity  is  awakened  in  each  seed  in  a peculiar 
manner,  because  the  same  substance  whilst  in  a state  of 
transformation,  when  affected  by  small  differences,  must  pro- 
duce different  results.  The  .seed  produces  the  plant,  but  the 
plant  also  produces  the  seed,  and  thus  it  is  that  these  differ- 
ences are  maintained  in  every  case. 

Difference  of  place  soon  causes  a difference  in  the  forma- 
tion of  new  substances,  which  is  assisted  by  external  influ- 
ences. Although  the  activity  is  awakened  by  one  single 
substance,  yet  the  products  are  different,  because  the  same 
substance  soon  begins  to  act  upon  greatly  diversified  sub- 
stances. In  like  manner  the  same  fire  affects  different  sub- 
stances in  a very  different  manner,  and  the  same  sulphuric 
acid,  when  acting  upon  different  substances,  produces  widely 
different  results. 

In  a few  cellular  plants  there  exists  still  another  cause  by 
which  new  substances  are  formed  in  the  contents  of  the  cells ; 
a cause,  however,  which  itself  depends  on  the  transformation 
of  part  of  the  soluble  albumen.  This  cause  is  the  formation 
of  new  cells.  These  young  cells  have  their  origin  in  the  dex- 
trin of  the  contents  of  the  existing  cells,  through  the  influence 
of  soluble  vegetable  albumen.  This  is  proved  by  the  forma- 
tion of  ferment,  and  although  we  do  not  know  why  dextrin 
is  converted  into  little  vesicles  by  the  influence  of  soluble 
albumen,  yet  the  fact  is  certain,  and  consequently  we  ac- 
knowledge it  as  such. 

* .\Il  Bccds  contain  protein  ; some,  however,  ouch  u thnt  of  Phytelcpbit  laa- 
crocarpo,  in  so  small  a pro|M>rtion,  as  to  show  that  even  a trace  of  this 
tsnee  is  sufficient  to  eonsliltitc  a soiireo  of  manifold  chemical  chant^^. 
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Now,  when  in  a developing  plant  there  is  a continual 
transformation  of  dextrin  into  cellulose — the  means  being 
soluble  albumen,  which  is  itself  in  a state  of  change — then 
this  formation  of  cellulose  from  dextrin  is  in  its  turn  a 
source  of  renewed  changes,  and  disturbances  of  the  chemical 
equilibrium,  which  in  their  turn  react  upon  the  contents  of 
the  cells.  Besides,  every  new  cell  causes  the  change  of  a 
large  quantity  of  liquid  matter  into  a solid  state ; thus  the 
solution  has  lost  part  of  the  substances  composing  it,  and  has 
become  in  this  manner  a new  source  of  disturbance  of  the 
equilibrium  between  the  constituents  of  the  contents  of  the 
cells,  that  is,  the  cellular  sap. 

This  may  suffice  with  regard  to  the  ^tn- walled  cells,  as 
regards  the  change  of  the  absorbed  food  within  the  plants* 
The  last-mentioned  effect  is  in  a much  higher  degree  exhi- 
bited by  the  ^Atot-wallcd  cells  ; for  as  the  quantity  of  solid 
substances,  secreted  from  the  cellular  sap  to  form  the  con- 
stituents of  the  cells  themselves,  increases,  the  continual 
change  of  that  sap  becomes  greater,  and  thus  additional  che- 
mical actions  are  called  fortL 

We  perceive  from  what  has  here  been  stated,  that  in  every 
peculiar  cellular  system  in  the  several  plants,  a peculiar 
change  of  materials  may,  and  even  must  take  place ; that 
in  every  cellular  group,  which  by  any  cause  is  isolated  from 
the  remainder,  a peculiar  action  in  the  contents  of  the  cells 
must  take  place,  even  although  these  contents  are  the  same 
throughout,  and  that  these  peculiar  actions  may  and  must 
issue  in  peculiar  products.  This  is  actually  in  accordance 
with  experience.  In  the  stem  of  dicotyledons,  where  the 
several  organs  adjoin  each  other,  the  different  parts  are 
irregularly  developed,  according  to  their  position.  This  dif- 
ference in  develppment,  which  may  in  its  turn  be  an  effect 
of  a difference  in  the  ascent  of  the  saps — must  necessarily 
be  attended  by  differences  in  the  contents  of  the  cells,  and 
these  again  by  a diversity  among  the  new  products. 

But  this  appears  still  more  distinctly  in  the  different  or- 
gans of  plants.  The  stamens  and  pistils  cannot  possibly  pro- 
duce the  same  substances  as  the  petals,  even  although  they 
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received  the  same  cellular  contents,  because  the  latter  are 
then  placed  in  totally  different  circumstancea  On  whatever 
organ  we  fix  our  attention,  we  everywhere  meet  with  such  a 
diversity  of  circumstances ; and  though  all  the  organs  should 
contain  one  uniform  mixture  of  the  same  organic  and  trans- 
formable substances,  it  is  clear  that  a diversity  in  the  pro- 
duction of  new  substances  must  be  closely  and  intimately 
connected  with,  nay,  perhaps,  entirely  dependant  upon,  the 
different  circumstances  in  which  the  same  liquid  is  placed, 
and  which  must  in  its  turn,  to  a certain  extent,  give  rise  to 
a diversity  of  organisation. 

I say  to  a certain  extent ; for  who  will  venture  at  present  to 
speak  more  positively  about  those  constant  forms,  both  Inter- 
nal and  external,  which  in  the  Vegetable  Kingdom  excite  our 
admiration  ? It  is  self-evident  that  these  forms  are  depend- 
ent upon  matter,  upon  the  general  properties  and  forces  with 
which  matter  has  once  for  all  been  endowed  by  the  Creator  ; 
but  we  are  not  yet  able  to  comprehend  in  what  manner  this 
is  effected. 

We  see  clearly  and  distinctly,  that  when  similar  substances 
are  placed  in  dissimilar  circumstances,  they  form  different 
combinations,  and  we  consider  this  simple  ride  an  inde.x  to 
guide  us  in  the  consideration  of  the  products  of  the  Vegeta- 
ble Kingdom. 

It  is  evident,  from  what  has  been  stated,  that  the  chemical 
productions  of  plants,  whether  they  belong  to  the  cotUtnU,  or 
to  the  celU,  or  wtuU  themselves,  are  not  to  be  considered  as  the 
result  of  a peculiar  action  of  these  parts  as  mere  instruments 
view  which  is  based  upon  an  indistinct  idea  of  what 
takes  placa  In  most  cases  the  difference  in  the  contents  of 
a system  of  cells  is  the  only  indication  of  the  diversity  of  the 
organs,  and  this  points  distinctly  at  the  causes  by  which  the 
difierence  in  the  contents  has  been  produced.  These  diffe- 
rences can  only  originate  in  the  cellular  contents,  in  a mutual 
interchange  of  constituents,  without  the  slightest  influence  of 
any  part  of  the  cell  wall.  In  this  respect  the  orpans,  in  the 
ordinary  meaning  of  the  word,  are  completely  the  same,  how- 
ever different  their  contents  may  bo. 
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It  U only  when  there  is  a difference  either  in  the  composi- 
tion of  the  constituents  of  the  walls,  or  in  the  form  of  the 
cells,  or  in  their  size,  position,  or  mutual  connexion,  that  the  or- 
gans may  be  called  different.  These  are  the  circumstances, 
either  individually  or  collectively,  which  are  the  causes  of  the 
different  changes  of  the  constituents  of  the  contents  of  the 
cells.  They  effect  a shorter  or  longer  stay  of  the  substances 
that  are  dissolved  in  the  watery  liquid,  make  them  remain 
in  each  other’s  neighbourhood  for  a shorter  or  longer  period, 
and  thus  modify  their  mutual  chemical  reactions.  In  one 
place  they  cause  the  water  of  the  saps  more  quickly  to  eva- 
porate, which  makes  the  remaining  liquid  more  concentrated, 
and  increases  the  mutual  chemical  reactions  of  the  substances 
which  it  holds  in  solution.  In  other  places  they  induce 
either  the  access  or  the  removal  of  one  or  more  substances, 
and  thus  afford  additional  opportunities  for  chemical  changes. 
In  a word,  the  so-called  organs  of  secretion  in  plants  are  cel- 
lular groups,  of  which  the  function  simply  depends  upon,  as 
we  usually  express  it,  the  circumstances  in  which  they,  and 
with  them  the  contents  of  the  cells,  are  placed. 

This  view  leads  to  the  conclusion,  that  the  terms  elabora- 
tion, more  highly-organised,  &c.,  may  henceforth  be  dispensed 
with  ; for  these  terms  are  either  based  upon  an  incorrect  idea 
or  are  altogether  unintelligible.  We  must,  on  the  contrary,  look 
for  the  causes  of  the  action,  mutually  exercised  by  different 
groups  of  organic  substances,  in  order  to  explain  the  forma- 
tion of  the  various  peculiar  vegetable  products  Neither  do 
I distinctly  understand  the  difference  between  crude  and  assi- 
milated substances,  and  I even  consider  such  a distinction 
injurious,  because  the  term  assimilated  leads  to  an  erroneous 
conception.  In  my  opinion  all  these  words  do  injury  to 
science,  because  they  are  mere  sounds. 

Ill  each  cellular  system,  therefore,  a peculiar  transforma- 
tion takes  place,  dependent  upon  the  form,  the  contents,  or 
the  wall  of  the  cells.  The  form  also  regulates  the  entrance, 
emission,  and  the  interchange  of  the  contents.  The  various 
forms  of  cells  enumerated  in  a previous  chapter,  cannot, 
therefore,  enclose  the  same  substances,  nor  have  the  same 
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wall,  which  is  a product  of  these  substances.  This  I had  in 
view  at  p.  349,  where  I endeavoured  to  take  a conjoined 
view  of  their  form,  composition,  and  function. 

Decandolle,  many  years  ago,  made  known  the  remarkable 
fact,  that  plants  which  have  a similar  external  form,  are  also 
similar  in  constituents.  The  external  form  of  plants  is  no- 
thing else  than  a product  of  the  form  of  the  component  parts, 
which  cannot  constitute  a similar  product,  unless  they  them- 
selves are  similar  to  each  other,  and  cannot  produce  different 
forms,  unless  they  themselves  are  different 

The  parenchymatic  cells,  which  are  only  bordered  all  round, 
and  the  contents  of  which  have  mutual  communications,  are 
the  most  frequent  in  herbaceous  plants.  Whole  families  of 
plants  of  the  lowest  order  consist  of  these  cells.  Their  con- 
tents differ  fropa  each  other  in  an  almost  unlimited  degree  ; — 
much  more  than  can  be  accounted  for  by  their  difference  in 
form.  While,  however,  two  groups  of  these  cells  in  the  same 
plant  differ  from  each  other  in  form,  the  cells  of  the  same 
group  seem  to  agree  in  colour  and  shape  much  more  with 
each  other  than  with  the  cells  of  other  groups.  In  confir- 
mation of  this  I need  merely  to  refer  to  every  part  of  a 
plant  containing  coloured  substances.  It  is  to  be  regretted 
that  the  microscopical  part  of  chemistry,  by  which  alone 
this  subject  can  be  to  some  extent  cleared  up,  has  not  even 
kindled  a spark  of  light  as  yet  for  this  purpose,  and  that  we 
must  derive  our  distinctions  from  diversity  of  colour. 

When  the  parenchymatic  cells  have  the  same  form  but 
different  contents — a case  which  obtains  in  an  innumerable 
multitude  of  plants, — then  this  difference  may  be  explained 
from  a very  small  original  difference  in  the  contents  of  the 
cells  of  the  seeds,  from  which  these  plants  have  been  pro- 
duced. 

It  holds  good  in  all  Nature,  nay  in  every  tiling,  that  a 
small,  almost  imperceptible,  difference,  in  the  primary  cause, 
produces  effects  of  an  unlimited  diversity,  when  the  action 
of  this  cause  is  transmitted  under  small  deviations.  But  it 
is  at  present  quite  impossible  so  to  arrange  this  endless  net- 
work of  actions,  that  the  formation  of  any  vegetable  product 
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shall  be  clearly  pointed  out.  I rest  satisfied,  therefore,  with 
having,  as  I think,  clearly  developed  the  general  idea.* 

The  so-called  internal  gland*  (glandulae  vesiculares,  g.  im- 
pressse)  must  be  numbered  among  the  organs,  which  serve  to 
effect  change*  in  the  saps  that  are  diffused  through  the  plant. 
They  are  spread  through  the  whole  extent  of  the  plant,  and 
often  accumulated  in  great  numbers.  Such  internal  glands  are 
agglomerations  of  cells,  which,  however,  totally  differ  in  form, 
colour,  and  other  properties,  from  the  main  bulk  of  cells  of 
that  part  in  which  these  glands  exist  In  a great  number  of 
plants  they  are  filled  with  ethereal  oils,  resins,  &&  The  con- 
tents of  a peculiar  group  of  cells,  exposed  to  peculiar  circum- 
stances— although  these  contents  were  originally  the  same 
as  those  existing  throughout  the  plant, — must  undeigo  a 
different  change  of  constituents,  and  thus  lead  to  the  forma- 
tion of  peculiar  substancea  These  glands  are  largely  found 
in  the  species  of  the  genus  Citrus,  in  Ruta  graveolens,  and  in 
many  other  planta 

In  some  plants  we  frequently  meet  with  a few  cells  which 
contain  a peculiar  substance,  entirely  different  from  that  in 
the  surrounding  cells ; a substance,  therefore,  which  is  pro- 
duced by  a peculiar  transformation  in  a small  and  secluded 
group  of  cells.  Instances  of  this  kind  have  been  most  dis- 
tinctly observed  in  phanerogamic  aquatic  planta  These 
plants  contain  isolated  cells,  filled  with  a coloxired  substance, 
so  that  amidst  the  bulk  of  the  cells  a few  have  a red  or  blue 
colour,  whilst  those  immediately  adjoining  are  colourless, 
although  in  some  instances  the  next  are  also  more  or  less 
tinged  with  the  same  colour.  This  peculiarity,  which  was 

* In  the  work  entitled  Daa  vegeUbilische  Leben  und  die  Chemisehe  AffinitSt, 
Ton  E.  La*che,  Leiprjg  1844,  p.  56,  kc. — the  cbemieal  actions  are  verj-  clearly 
and  aatiafactorily  represented  as  the  causes  of  the  change  of  materials  in 
plants.  I received  it,  however,  too  late  to  make  any  use  of  it  here.  Quebel's 
work  (Die  rhysiologische  Chemio  dcr  Pilanzen,  Frankfurt  A.  M.  1845)  I have 
laid  aside,  liecause  I found  it  useless.  I have  read  it,  however,  and  not  done 
as,  according  to  Oucbcl,  p.  63,  I shouid  have  done  with  Karsten's  Philosophie 
der  Chemie.  It  is  possible,  that  I might  comprehend  neither  Ouebel  nor 
Karsten,  but  it  is  equally  possible  that  Ouebel  has  not  the  slightest  idea  of 
chemistry. 
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first  observed  by  Link  in  Lysiinachia  palustris,  has  since 
been  more  closely  investigated  by  others.  The  colouring 
matter  of  these  cells  in  Lysimachia  palustris  is  a very 
finely  divided,  reddish-yellow  and  resinous  powder,  whilst 
the  cell  itself  is  much  larger  than  those  around  it  Meyen 
states,  that  the  resins  which  are  extracted  from  the  different 
species  of  Alo<^  are  contained  in  similar  cells ; these  resins 
cannot  exist  in  the  milk  vessels,  because  in  these  plants  they 
are  wanting,  but  they  are  enclosed  in  elongated  cells,  ad- 
joining the  spiral  vessela  The  form  of  these  very  long  cells 
is  not  an  effect  but  a cause  of  their  contents,  for  in  young 
plants  every  cell  contains  in  most  cases  but  a single  globule 
of  resin,  the  remaining  space  being  filled  with  ordinary  sap. 
When  the  plant  becomes  older,  the  quantity  of  this  resin  is 
simply  increased  ; but  the  cell  retains  its  original  form. 
This  formation  of  resin,  therefore,  can  be  only  attributable 
to  the  protracted  stay  of  the  fluids  in  these  long  cells. 

Tlie  roots  of  Valeriana  oificinalis  and  V.  Phu  contain  si- 
milar globules  of  resin  in  the  cells  near  the  epidermis ; the 
more  interior  cells  being  without  any  resin  and  filled  with 
starch.  This  is  a peculiarity,  which  is  probably  nothing  else 
than  an  effect  of  oxidation  produced  by  the  air. 

The  thick-walled,  elongated  and  frequently  punctated  cells 
(prot-enchymatic  and  pleur-enchymatiecaWs)  have  a totally  diffe- 
rent influence  upon  the  contents  of  the  cells,  from  the  paren- 
chymatic  (or  merenchymatic)  of  which  I have  just  spok^ 
The  walU  of  these  cells  constitute  an  important  organ  of  se- 
cretion ; — that  is,  the  substances  of  which  the  walls  are  de- 
posed are  of  such  a kind,  that  they  produce  from  the  fluids 
which  pass  through  them,  substances  similar  to  those  of  which 
they  themselves  consist.  The  term  if  it  should 

at  all  be  preserved,  might  be  used  here.  These  incrustations 
of  the  walls  are  the  principal  phenomena  of  interchange  in 
woody  plants.  Here  and  there  a single  secondary  product 
appears,  but  the  principal  substance,  formed  in  the  woody 
tissue,  is  intended  to  increase  the  intermediate  layer  of  the 
woody  cells  ; nay,  this  is  almost  the  only  substance  that  is 
formed  here.  We  are  unacquainted  with  the  cause  of  this 
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aniformity,  but  the  phenomenon  is  striking.  The  cell-walls 
use  up  nearly  the  whole  contents  of  the  cells,  all  the  solid 
substances  that  are  supplied  to  them  in  a state  of  solution, 
and  these  they  convert  into  intermediate  woody  matter,  with 
disengagement  of  oxygen,  and  evaporation  of  water.  This 
chemical  transformation,  this  production  of  wood,  is  the  chief 
means  through  which  the  office  of  the  vegetable  kingdom 
— the  withdrawal  of  carbonic  acid  from  the  atmosphere  to 
prevent  its  accumulation — is  performed.  The  cell  wall  of 
cellulose  is  surrounded  by  a thin  membrane,  which  resem- 
bles the  former  in  the  property  of  remaining  un-incrusted. 
Between  these  two  membranes  a substance  is  deposited  in 
layers  of  which  the  quantity  continually  increases ; and  by 
this  substance  the  membrane  or  cellulose  is  continually 
pressed  inwards  so  as  to  render  the  cavity  of  the  cell  smaller 
and  smaller  (see  p.  469).  This  is  therefore  a phenomenon 
of  true  apposition,  which  may  be  classed  with  crystallisation 
(p.  89). 

2!“  Of  the  Vascular  Tissue. 

In  plants  we  distinguish  in  the  first  place  spiral  vessels  and 
milk  vessels  (vasa  propria,  v.  laticis).  The  function  of  the 
spiral  vessels  is  still  a matter  of  doubt  They  are  full  of  sap 
in  spring,  when  the  whole  plant  is  replete  with  fluids ; yet 
they  do  not  serve  for  the  conveyance  of  liquids.  On  the  con- 
trary, they  contain  air,  in  which,  according  to  Draper’s  analy- 
sis, there  exists  a much  larger  proportion  of  nitrogen  than  in 
the  atmosphere.  This  nitrogen  is  derived  from  atmospheric 
air,  which  has  been  secreted  in  these  vessels  by  evaporation, 
and  of  which  the  oxygen  has  for  the  greater  part  been  used 
to  oxidise  tbe  adjoining  substances. 

The  contents  of  the  vessels  that  convey  liquids,  are  very 
different  in  different  plants  and  parts  of  plants.  At  present, 
however,  nothing  can  be  said  of  this  with  certainty.  It  is  a 
matter  of  great  importance  to  the  doctrine  of  the  transfor- 
mation of  vegetable  substances,  to  ascertain  how  these  vessels 
commence  and  terminate.  The  sap  vessels  of  the  plants, 
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which  arc  filled  with  peculiar  fluids,  originate  in  the  roots, 
from  which  they  ramify  through  every  part  of  the  plant ; 
but  we  do  not  know  where  they  end.  It  is  likely  that  they 
terminate  at  various  places. 

The  communication  between  the  sap  vessels  and  the  cells, 
alongside  of  which  they  are  placed,  is  kept  up  through  their 
walls,  in  the  same  manner  as  between  the  cells  themselves. 
They  establish  a communication  between  the  contents  of  cells 
that  are  far  distant  from  each  other  ; the  fluid  in  these  vessels 
being  at  the  same  time  preserved  from  undergoing  the  mani- 
fold alterations,  which  are  the  necessary  consequences  of  the 
endosmotic  interchange  between  the  contents  of  the  several 
cells.  The  contents  of  these  vessels,  however,  cannot  be  con- 
veyed through  them  totally  unchanged,  because  the  little 
channels,  when  placed  in  circumstances  which  will  be  subse- 
quently referred  to,  often  contain  very  complex  mixtures, 
which  cannot  remain  in  mutual  contact  without  being  changed. 

If  the  roots  absorb  a clear  liquid,  entirely  free  from  any 
substances  in  suspension — which  may  be  concluded  from  the 
experiment  of  Payen,  previously  mentioned, — and  if  this  liquid 
becomes  turbid  while  rising  in  the  sap  vessel,  then  it  must 
have  on  its  way  received  substances  that  are  insoluble  in  wa- 
ter. These  substances  have  been  produced  within  the  ves- 
sel : in  Chelidonium,  for  instance,  it  is  a gum-resin.  A liquid, 
passing  through  a tube  that  exerci.ses  no  chemical  action, 
cannot  be  chemically  changed  by  this  tube.  Hence  this 
chemical  change  must  be  an  effect  either  of  a transformation 
of  the  substances  in  the  sap  vessel  itself,  or  of  chemical  al- 
terations, produced  by  the  sap  in  the  cells,  by  which  the  ves- 
sel is  surrounded. 

We  must  bear  in  mind,  that  from  these  sap  vessels,  enclos- 
ed in  cells,  there  is  a continual  lateral  transference  of  liquid 
into  the  cells,  which  is  affected  by  the  same  cause  that 
makes  the  liquid  rise  from  one  cell  to  another,  viz.  endos- 
mosa  Thus  the  sap  vessels  are  continually  losing  part 
of  their  fluids.  But  in  like  manner  they  receive  fluids  from 
other  cells,  alongside  of  which  they  are  placed.  The  mutual 
entrance  and  emission,  therefore,  of  the  clear  liquids  in  the 
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cells,  and  originally  also  in  the  vessels,  must  be  the  cause 
of  the  production  of  the  insoluble  particles,  which  are  usually 
found  in  the  sap  of  the  sap  vessels.  But  the  same  cause  must 
give  rise  to  several  other  changes,  that  are  not  characterised 
by  the  production  of  insoluble  particles.  Although,  therefore, 
the  sap  vessels  thus  cause  a slower  and  less  active  chemical 
change  in  plants  than  the  one  which  takes  place  within  the 
cell.s,  yet  on  the  other  hand  they  may  produce  an  increased 
interchange,  owing  to  a mutual  relation  between  the  several 
liquids  of  the  satne  plant,  which  is  different  from  what  can 
be  established  by  the  communication  between  the  cells  alone. 

To  give  a clearer  idea  of  the  way  in  which  a sap 
vessel  may  influence  the  interchange  of  substances, 
and  cause  the  formation  of  new  products,  we  shall 
indicate  the  small  differences  produced  in  the  con- 
tents of  a row  of  adjoining  ceils,  along  which  such 
a vessel  is  placed,  by  the  letters  a,  b,  c,  &c.  When 
k and  t interchange  contents  endosmotically,  the 
result  in  the  first  instance  is  the  mere  mi.xture  k 
i,  but  secondly  a chemical  product  from  the  action 
of  k upon  t,  and  vice  versa.  This  chemical  pro- 
duct I shall  call  p.  After  the  Interchange  has 
taken  place,  the  contents  of  the  lowermost  cell  i.s 
no  longer  k,  but  k,  i,  p,  and  in  the  second  cell 
the  contents  are  then  no  longer  {,  but  t,  k, 
What  the  second  cell  exchanges  with  h is  not  en- 
tirely I,  hut  «.  k,  p.  And  this  proceeds  in  the  same  manner 
through  all  the  superior  cells. 

This  shows  the  possibility  of  a continual  increase  of  new 
chemical  products,  as  the  mutual  endosmotic  action  proceeds. 

When  a ve.ssel  is  placed  alongside  these  cells,  there  is  ad- 
ditional opportunity  for  new  changes.  Wit/iout  this  vessel,  k 
has  no  other  communication  with  a,  than  through  all  the 
intervening  cells — by  which  in  this  small  number  of  cells  a 
mixture,  and  likewise  a chemical  product  of  the  mutual  reac- 
tions of  k,  i,  k,  p,f,  e,  d,  c,  b,  a,  are  formed.  But  this  vessel 
being  present,  a direct  communication  is  established  with  all 
the  adjoining  cells.  The  compounds  indicated  by  k,  i,  &c.  en- 
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ter  into  this  vessel,  whilst  the  contents  indicated  by  the  let- 
ter D leave  it  Thus  in  this  vessel  there  are  formed  a mix- 
ture and  a chemical  product  of  D,  k,  i,  &c. ; and  again  in 
each  adjoining  cell  a mixture  and  a chemical  product  of  D 
and  the  contents  of  the  whole  of  the  adjoining  cells. 

Whatever  promotes  the  mutual  communication  of  the  con- 
stituents of  a plant,  will  at  the  same  time  increase  the  mul- 
tiplicity of  the  products ; and  therefore  the  variety  of  the 
latter  must  be  much  more  limited  in  cellular  than  in  vascu- 
lar planta 

As  the  system  of  sap  vessels  becomes  more  complicated.  It 
will  emit  into  the  cells  a greater  variety  of  substances,  and 
vice  verm,  and  in  the  same  ratio  these  substances  must  have 
a greater  chemical  induence  upon  each  other ; in  other  words 
the  transformation  of  matter  must  increase,  and  with  that  the 
number  and  variety  of  the  peculiar  constituents  of  the  plant. 

These  are  the  grounds  upon  which  I consider  myself  war- 
ranted in  considering  the  sap  vessels,  in  a chemical  sense,  in- 
active, in  so  far  as  they  themselves  undergo  no  change,  except 
an  incrustation  of  their  walb,  and  can  produce  no  change  in 
the  contents.  I therefore  consider  them  merely  as  instruments 
through  which  the  saps  are  transferred  toward  the  celb,  they 
receiving  in  their  turn  part  of  the  contents  of  the  latter. 

2>‘  Of  the  Sap  of  Plant*. 

The  hope  of  being  at  length  enabled  to  explain  the  func- 
tions of  the  vegetable  kingdom,  will  only  be  realised  when 
we  know  both  the  liquid  contained  in  the  cells,  and  that 
which  moves  through  the  plant  in  peculiar  vessels,  supplying 
the  materials  by  means  of  which  every  change  in  the  plant  is 
effected. 

In  plants,  there  is  net  one  single  circulating  liquid  com- 
mon to  a great  number;  but  of  this  liquid  there  are  probably 
as  many  varieties  as  there  are  families  of  plants,  producing 
the  same  substancea  Nay,  what  is  more,  that  liquid  differs 
not  only  in  every  part  of  a plant,  but  even  in  ever^’  elemen- 
tary tissue ; that  in  the  flower  being  different  from  that  in 
the  leaf,  that  in  the  stamens  from  that  in  the  pistil,  that  in 
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the  anthers  from  that  in  the  filament,  and  that  in  the  pollen 
from  that  in  the  anthers. 

The  great  number  of  analyses  of  different  parts  and  saps  of 
plants,  undertaken  either  for  medical  or  technical  purposes, 
can  therefore  afford  but  little,  and  often  no  information  what* 
ever,  respecting  the  physiology  of  the  plant,  the  knowledge 
of  the  change  of  materials  that  takes  place  within  it,  and 
the  functions  of  the  plant  as  dependent  upon  this  change. 

How  could  we  expect  to  become  acquainted  with  the  che- 
mical changes  which  the  food  undergoes  in  the  intestines  of 
an  animal,  or  with  digestion,  if,  after  having  deprived  the 
animal  of  its  head,  legs,  and  breast,  we  analysed  the  belly 
with  all  that  belongs  to  it  ? And  yet  this  is  essentially  the 
way  in  which  the  chemical  analysis  of  plants  has  hitherto 
been  performed.  This  is  the  very  reason  why  the  physiology 
of  plants  is  so  far  behind  that  of  animals. 

The  vegetable  saps  must  first  be  distinguished  into  those  of 
the  cells,  and  those  of  the  sap-vessels.  This  clearly  follows 
from  what  I have  advanced  in  a previous  page.  Nothing  is 
known  of  the  saps  enclosed  in  .the  cells  alone.  We  have 
some  idea  of  that  sap  only,  from  which  the  young  cells  are 
formed,  and  which  is  known  by  the  name  of  Cambium.  From 
the  great  difficulty  of  obtaining  separately  either  the  saps 
of  the  cells,  or  those  of  the  vessels,  we  are  obliged  as  yet  to 
examine  and  consider  them  together. 

Immediately  after  they  have  passed  from  the  first  into  the 
second  cell  of  a fibril,  they  have  ceased  to  be  what  they  were 
in  the  first  cell,  and  they  change  more  and  more  as  they 
pass  from  cell  to  cell  This  process  we  see  going  on  in  in- 
creased degree  throughout  the  whole  plant,  so  that  in  every 
horizontal  section,  taken  at  different  heights,  the  liquid  is  of 
a different  nature.  We  must  not,  however,  too  rashly  ascribe 
this  difference  to  one  single  cause. 

Knight  found  that  the  sap  of  Acer  plantanoVdes,  col- 
lected close  to  the  ground,  had  a specific  gravity  of  1.004 ; at 
two  metres  above  the  ground  it  became  1.008,  and  at  four 
metres  1.012. 

The  sap  of  the  elder  tree  has  an  acid  reaction,  and  is  of  a 
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sweet  taste.  Besides  water,  it  contains  sugar,  extractire 
matter,  acetate  of  lime  (?),  acetate  of  potash  (?).  Mixed  with 
yeast,  it  yielded  alcohol. 

The  beech  (Fagus  sylvatica)  yields  in  April  a reddish  H- 
quid,  which  has  a weaker  acid  reaction,  and  contains  acetate 
of  lime  (?)  and  acetate  of  potash  (?),  extractive  matter,  tannic 
acid,  acetic  acid  (?),  and  gallic  acid. 

1028  parts  of  the  sap  of  the  elm  tree,  collected  in  April, 
yielded  9 parts  of  acetate  of  potash  (?),  1 part  organic  matter, 
and  1 part  carbonate  of  lime  (Vauquelin). 

Regimbeau  found  in  the  sap  of  the  vine  bitartrate  of  po- 
tash, tartrate  of  lime,  mucilage,  and  free  carbonic  acid. 

Riat,  who  has  examined  many  vegetable  saps  for  sugar, 
has  found  this  to  exist  in  a great  number  of  them,  and  in 
two  different  forms,  viz.  as  cane  and  as  grape  sugar.  He  found, 
moreover,  a gummy  substance  (dextrin)  and  an  animal  sub- 
stance (vegetable  albumen),  but  he  has  not  directed  his  atten- 
tion to  the  other  constituents. 

Rambuca  guaduas — a plant  from  the  tropics,  of  the  family  of 
the  Graminea;,  having  between  its  joints  large  cavities,  which 
are  fille<l  with  a fresh  and  clear  liquid,  scarcely  differing  in 
taste  from  water — contains,  according  to  Boussingault,  almost 
nothing  except  pure  water,  with  a trace  of  sulphates  and 
chlorides,  a very  small  quantity  of  organic  matter,  and  some 
silica.* 

But  the  saps  of  a great  many  plants  contain  so  much  sugar, 
that  they  yield  by  fermentation  a kind  of  wine.  To  these 
belong  tiie  birch,  the  Cocos  butyracea,  &c.  It  is  well  kno^vn 
that  a large  quantity  of  sugar  is  contained  in  the  sugar  cane, 
Arenga  saccharifera,  and  other  plants. 

Langlois  has  examined  the  sap  of  some  plants.  That  of 
the  vine,  collected  on  the  30th  March,  had  an  acid  reaction  ; 
baryta  water  indicated  the  presence  of  carbonic  acid,  oxalate 
of  ammonia  that  of  lime.  Even  a mere  heating  was  suffi- 
cient to  diseng.age  carbonic  acid.  Three  kilograms  left  on 
evaporation  a residue  of  7 grains,  from  which  0.45  grains 

• Eeonomie  Rursle,  1,  l>.  123.  See  further  Bouwincaiilt,  on  other  vcgeuble 
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of  tartrate  of  lime  were  separated  during  evaporation.  He 
obtained  quantitatively  from  1 kilogr.  10  cub.  cent  carbonic 
acid,  and  in  the  fixed  residue  1.25  tartrate  of  lime,  0.02 
nitrate  of  potash,  besides  albumen  and  small  quantities  of 
other  substances,  not  further  determined,  but  no  malates. 

The  sap  of  the  nut  tree,  collected  at  the  end  of  April,  con- 
tained free  carbonic  acid,  vegetable  albumen,  a gummy  sub- 
stance, fatty  matter,  lactate  of  lime  (?),  lactate  of  ammonia 
(?),  lactate  of  potash  (?),  malate  of  lime,  chloride  of  ammo- 
nium(sal  ammoniac),  nitre,  and  sulphate  and  phosphate  of  lime. 

The  sap  of  the  linden  tree,  collected  in  June,  contained 
cane-sugar,  vegetable  albumen,  a gummy  substance,  and  some 
salts,  among  which  were  sal  ammoniac  and  acetate  of  pot- 
ash (?).  (Comptes  Rendus,  T.  17,  No.  11.) 

Schultz  (Flora,  1842,  p.  49)  has  examined  the  fresh  sap  of 
Betula  alba,  Acer  plantanoides,  and  Carpinus  betulus,  col- 
lected at  different  periods  in  spring.  According  to  him,  the 
sap  from  the  wood  contains  at  first  dextrin,  which  he  com- 
pares with  the  dextrin  from  starch,  and  then  sugar.  This 
is  in  most  cases  grape  sugar,  and  when  cane  sugar  is  present, 
as  in  the  maple  tree,  it  is  still  mixed  with  grape  sugar. 

The  ammonia,  which  Schultz  produced  by  treating  the  sap 
of  the  birch  and  maple  tree,  evaporated  to  the  consistence 
of  syrup,  with  potash  ley, — may  have  been  partly  derived  from 
the  albumen,  as  in  many  other  experiments  of  a similar  kind. 
It  is  impossible  to  prove  in  this  manner  the  presence  of  am- 
moniacal  salts  in  plants,  although  it  may  admit  of  no  doubt 
that  these  salts  occur  in  many  vegetable  saps. 

Besides  a very  large  quantity  of  water,  there  are  a few 
substances  which  appear  never  to  be  wanting  in  the  sap  of 
cells,  viz.,  albumen  coagulable  by  heat,  dextrin,  and  the  soapy 
matter  of  Scheele.  With  these  are  united  the  inorganic  salts, 
absorbed  from  the  soil,  and  the  salts  of  ammonia,  which  have 
either  been  produced  from  apocrenatc,  crenate,  &c.,  of  tliat 
base,  have  existed  in  the  soil  in  the  same  fonn  as  in  the  sap, 
or  have  originated  from  the  decomposition  of  part  of  the  pro- 
tein. These  are  generally  all  the  ingredients  that  are  found, 
and  we  do  not,  therefore,  go  too  far  in  assuming,  that  there 
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are  three  principal  ingredients  that  require  peculiar  notice, 
viz. : dextrin,  soluble  vegetable  albumen,  and  the  soapy  mat- 
ter of  Scheele. 

4®  The  course  of  the  Ascending  Sap. 

Magnal  first  employed,  in  1 709,  coloured  liquids  for  show- 
ing the  ascent  of  the  saps  in  plants  ; a method  previously 
made  use  of  in  human  anatomy.  This  could  not,  in  the 
case  of  plants,  be  performed  by  means  of  injections  ; but  as 
the  living  plant  itself  draws  up  coloured  fluids,  this  afforded 
a natural  auxiliary  to  trace  the  direction  which  the  liquids 
took  within  the  plant  For  this  purpose  he  selected  the 
coloured  liquid  of  Phytolacca  decandra.  Duhamel  and 
Bonnet  used  an  infusion  of  madder,  and  Hedurg  one  of 
logwood.  Hill  employed  an  infusion  of  cochineal,  and  also  a 
solution  of  acetate  of  lead,  which,  having  entered  into  the 
plant,  became  distinctly  perceptible,  on  immersing  the  plant 
in  sulphuret  of  ammonium.  Breant  forced  antiseptic  liquids 
into  wood,  with  the  view  of  protecting  it  from  decay,  and 
Moll  of  Rotterdam  afterwards  successfully  used  creosote  for 
the  same  purpose. 

The  last-mentioned  experiments,  viz.,  the  forcing  liquids 
into  wood  by  pressure,  could  not  be  made  with  any  watery 
liquid,  as  is  shown  by  Kyan's  liquid,  which  is  a solution  of 
corrosive  sublimate  in  water.  As  this  solution  does  not  pene- 
trate into  the  wood,  it  can  only  serve — although  the  result 
perfectly  answers  the  purpose — to  counteract  decay  occasion- 
ed by  external  influences.  When  oily  fluids,  such  as  creo- 
sote, are  in  certain  directions  pressed  into  the  wood,  they 
extend  to  other  parts  by  capillary  action,  and  thus  the  wood 
becomes  at  last  thoroughly  impregnated  with  them. 

The  experiments  that  are  especially  worthy  of  notice,  in 
one  point  of  view,  although  they  are  chiefly  made  for  a tech- 
nical purpose,  are  those  of  Boucherie.*  He  employed  the 
so-called  pyrulignite  of  iron,  viz.,  crude  wood -vinegar,  in 
which  rust  of  iron  was  dissolved ; and  this  liquid  he 

* Apn.  d«  Chimie  et  do  Phri.  T.  74,  p.  113. 
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brought  into  contact  with  the  stems  of  trees  in  such  a man- 
ner that  the  latter  should  be  penetrated  bj  it  He  placed  the 
bottom  part  of  newly  cut  stems  in  a solution  of  this  salt  of 
iron,  and  traced  it  in  the  stem  and  even  in  the  leaves  of  the 
tree.  A poplar  28  metres  high,  with  a diameter  of  40  cen- 
timetres, placed  in  the  solution  in  this  manner,  absorbed 
In  six  days  3 hectolitres  of  liquid.  Instead  of  sawing  through 
the  stems,  and  then  placing  them  in  the  liquid,  he  after- 
wards left  them  in  the  ground,  and  bored  holes  in  the  stem 
above  the  root,  which  were  kept  constantly  filled  with  the 
liquid.  He  thus  obtained  his  object  equally  well.  In  De- 
cember and  February  the  liquid  made  little  progress;  but 
in  the  spring,  the  summer,  and  especially  in  autumn,  it 
ascended  very  much.  In  winter,  therefore,  the  saps  are  not 
wholly  stationary,  although  they  always  ascend  much  less 
than  in  the  other  seasons,  except  in  the  case  of  evergreen 
trees,  such  as  the  Coniferae,  for  in  these  the  ascension  during 
winter,  although  less  than  in  the  other  parts  of  the  year,  was 
greater  than  in  trees  that  had  lost  their  leavea  In  stems  of 
which  the  branches  have  been  removed,  but  the  top  with  its 
leaves  left,  the  rising  of  the  liquid  was  always  great.  In 
general  this  ascent  is  stronger,  the  sooner  after  the  cutting 
of  the  trees  the  experiment  is  made.  Boucherie  saw  jt  still 
going  on  with  energy  after  36  and  48  hours,  but  after  ten 
days  it  had  ceased. 

It  appears  from  these  experiments  of  Boucherie,  and  those 
of  others  before  him,  that  coloured  liquids  ascend  neither 
through  the  epidermis  nor  through  the  medulla  of  ligneous 
plants,  but  always  through  the  woody  part, — chiefly  through 
the  new  wood,  but  likewise  through  the  older  part.  Bou- 
cherie,  however,  observed,  that  in  the  centre  of  woody  stems 
there  always  remained  a kernel  of  a certain  diameter,  which 
was  not  penetrated  by  the  liquid.  This  part,  therefore,  in 
the  living  plant,  likewise,  has  ceased  to  receive  accessions  of 
liquid,  and  remains  as  an  inactive  body,  placed  as  it  were  be- 
yond the  vital  action  of  the  plant  If  that  part  of  the  wood 
which  is  penetrated  by  the  pyrolignite  of  iron,  is  to  be  called 
albumen,  then  three-fourths  of  the  diameter  of  the  stem  must 
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in  general  be  called  albumen.  The  absorbed  liquid  permeates 
three-fourths  of  the  diameter  of  the  stem,  and  on  an  average 
one-fourth  remains  unaffected.  In  branches,  the  liquid  pe- 
netrates the  whole  of  the  wood,  and  in  those  of  herbaceous 
plants  the  entire  woody  tissue. 

Hales  observed  that  branches  of  apple  trees,  of  which  the 
bark  had  been  separated,  absorbed  coloured  liquids  through 
the  wood  as  well  as  if  the  bark  had  been  left  on.  Decan- 
dolle,  on  the  contrary,  remarked  that  branches  of  an  elder 
tree,  placed  in  coloured  liquid  with  the  bark  remaining,  were 
not  coloured  in  the  wood.* 

These  e.speriments  sufficiently  prove  that  the  liquids  ex- 
tracted from  the  soil  by  the  fibrils,  are  transmitted  to  the 
woody  part  of  the  plants,  by  which  they  are  taken  up  and 
transferred  to  the  extremities  of  the  plant,  even  into  the 
leaves,  and  also  into  the  flowers  and  fruits 

It  has  appeared  from  observation,  that  by  the  ascent  of 
these  fluids  they  penetrate  both  cells  and  vessels. 

B meherie’s  experiments  have  been  repeated  by  Mohl  (Bot 
Zeitung,  1843),  who  placed  living  trees,  previously  sawn  off, 
in  pyrolignite  of  iron.  The  stem  of  a birch  became  entirely 
coloured  ; but  in  that  of  an  oak  tree  only  the  eight  exterior 
rings  were  so,  whilst  the  medullary  rays  and  part  of  the  ves- 
sels became  brownish  black.  When  oblong  and  transverse 
sections  of  the  latter  were  subsequently  placed  in  a solution 
tif  ferro-cyanidc  of  potash,  and  then  some  acid  added,  both 
the  contents  and  the  walls  of  the  cells  and  vessels  l>ecame 
beautifully  blue. 

Notwithstanding  these  exj)eriments,  made  by  this  celebrat- 
ed botanist,  tlio.se  of  Boucherie  still  remain  unavailable  for 
vegetable  physiology.  The  fact  that  a liquid  which  is  partly 
of  an  oily  and  partly  of  a watery  nature,  j>enetrates  through 
organs,  which  in  the  natural  condition  of  the  plant  are  imper- 
meable to  watery  8a[)S,  may  easily  bo  accounted  fur  frt»m  the 
facility  with  which  creosote,  eupion,  &c.,  which  arc  all  con- 
stituents of  the  so-called  pyrolignite  of  iron,  are  afworl>e*l  by 
capillary  action,  and  so  may  permeate  substances  that  cannot 

• Phrt.  V^gH.  Torn#  1,  p.  8S. 
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be  penetrated  by  watery  fluids  alone.  For  although  the  saps 
of  plants  ascend  through  the  vessels  alone,  yet  the  lateral  mo- 
tion through  the  cells  might  have  been  here  much  increased  by 
the  empyreumatic  oils,  just  mentioned,  and  this  strong  late- 
ral motion  might  not  take  place  at  all  in  the  watery  saps  of 
the  living  and  growing  plant  Pyrolignite  of  iron,  therefore, 
is  not  a fit  liquid  to  employ  with  a view  to  throw  any  light 
upon  the  ascent  of  saps  through  cells  or  vessels. 

Romingcr  (Bot  Zeitung,  1843)  has  made  new  experi- 
ments upon  the  motion  of  saps  in  planta  He  first  caused 
them  to  absorb  ferro-cyanide  of  potassium,  and  then  he  cut 
them  off  and  laid  them  in  a solution  of  oxide  of  iron.  He 
thus  found  that  cellular  plants  have  no  peculiar  system  of 
cells  for  the  conveyance  of  saps,  and  that  in  all  vascular 
plants  the  sap  ascends  through  the  vessels  and  not  through 
the  cella  We  shall  now  show  that  this  conclusion  must  ne- 
cessarily be  incorrect. 

Boucherie  found  that  when  holes  were  bored  either  in  the 
wood  of  trees  placed  in  an  erect  position,  or  in  the  inferior 
part  of  the  stem,  the  liquid  which  he  poured  in  entered  both 
into  the  cells  and  vessels.  This  experiment  cannot,  there- 
fore, any  more  than  the  former,  serve  perfectly  to  solve  the 
questions  which  are  so  important  to  physiology ; for  when 
vessels  have  been  bored  through  and  filled  with  liquid,  they 
must  give  passage  to  this  liquid,  no  matter  how  it  be  pre- 
sented to  them.  Boucherie  observed,  that  when  the  liquid 
hatl  been  introduced  from  above,  it  flowed  very  readily  from 
an  opening  made  at  the  bottom,  and  made  use  of  this  to  wash 
out  several  substances  from  fresh  trees,  and  to  replace  them 
by  other  saline  solutions  of  various  kinds.  In  this  manner 
he  was  able  in  the  month  of  December  to  expel  from  the 
stem  of  a beech  tree,  having  a height  of  1 fi  metres  (about 
64  feet),  and  a diameter  of  86  centimetres,  in  a period  of  25 
hours,  3060  litres  of  sap,  and  to  replace  it  by  3210  litres  of 
pyrolignite  of  iron.  This  sap  was  obviously  derived  from 
sap-vessels,  which  had  been  cut  through  when  the  openings 
were  made,  and  which  merely,  accordingto  the  mode  of  replace- 
ment, had  lost  one  liquid  to  take  up  another  in  its  place. 
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This  gives  us  little  explanation  regarding  the  manner  in  which 
the  saps  ascend  from  the  soil.  The  experiment  shows,  how- 
ever, that  in  beech  wood  there  are  actually  continuous  tubes, 
running  from  above  downwards,  and  capable  of  conveying 
fluids,  and  that,  therefore,  these  tubes  must  certainly  be  taken 
into  account  in  investigating  the  motion  of  liquids  and  the 
change  of  materials  which  this  motion  produces. 

The  experiments  and  observations  on  the  motion  of  the  sap 
made  by  Briicke  (PoggendorflT s Annalen,  Bd.  63,  p.  177, 18+4) 
are  deserving  of  much  attention.  He  has  observed  most  dis- 
tinctly that  in  spring  the  whole  ligneous  part  is  filled  with 
sap,  before  the  spiral  vessels  contain  any  liquid.  These  ves- 
sels are  at  that  time  filled  with  air ; and  not  until  every  other 
part  of  the  plant  is,  as  it  were,  overflowing  with  liquid,  do  they 
receive  so  much  of  it  that  they  become  also  full,  the  air  being 
at  the  same  time  expelled  from  them.  All  the  cellular  cavi- 
ties, therefore,  take  up  the  liquid  which  the  plant  absorbs 
from  the  soil  This  liquid  is  carried  upwards  through  all 
these  cavities,  and  not  exclusively  through  the  vessels,  and 
certainly  not  through  the  spiral  vessels,  to  the  exclusion 
of  all  the  other  parts, — a conclusion  to  which  we  are  naturally 
led  even  from  the  simple  conception  of  the  structure  of  plants. 
It  is  from  the  cells  that  the  sap  is  at  length  forced  into  the 
spiral  vessels,  and  this  takes  place  with  such  force  that  it 
may  even  flow  out  of  the  spiral  vessels, — it  being,  therefore, 
not  necessary  to  consider  this  as  a proof,  that  the  ascent  of 
the  sap  takes  place  through  the  spiral  vessels.  As  the  spi- 
ral vessels  are  generally  wider  than  the  surrounding  cells, 
they  cannot  absorb  the  saps  by  capillary  action,  and  trans- 
fer them  into  the  cells ; but  on  the  contrary  the  cells  must 
carry  up  the  liquid,  and  when  they  themselves  are  overflow- 
ing, they  may  transfer  it  into  the  spiral  vessels,  out  of  which 
it  may  then  flow,  when  a transverse  section  of  the  plant  is 
made ; or  when  no  transverse  section  is  made,  it  may  in  this 
manner  be  carried  upwards  to  the  higher  parts  of  the  planL 
This  conclusion,  based  both  upon  the  old  observations  of 
Hales  and  the  more  recent  ones  of  Briicke.  is  of  very  great 
importance,  for  it  serves  as  a key  to  an  important  phenome- 
non of  vegetable  life. 
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The  primaiy  cause  of  the  motion  of  the  sap  in  plants  in 
spring,  is  undoubtedly  the  chemical  change  of  the  substances 
that  have  been  prepared  in  the  preceding  year.  Among 
these  substances  we  must  chiefly  notice  the  starch  which  is 
present  in  the  wood,  and  which  on  the  first  warmth  of  spring 
is  converted  into  dextrin  and  sugar.  As  the  starch,  whilst 
being  converted  into  dextrin,  swells  and  absorbs  water,  an 
increase  in  the  quantity  of  water  becomes  a necessary  con- 
sequence, and  the  roots,  through  an  endosmotic  action,  be- 
gin to  absorb  liquids  from  the  soil.  Meanwhile  the  leaves 
begin  to  be  developed,  and  as  soon  as  these  present  part  of 
their  surface  to  the  atmosphere,  these  humid  laminar  expan- 
sions sustain  the  evaporation  which  was  already  going  on 
from  the  young  and  juicy  branches,  nay,  from  the  entire  epi- 
dermis of  the  stem.  In  this  manner  the  continual  supply  of 
fluids  from  the  soil  is  kept  up  by  these  combined  actions,  as 
long  as  the  temperature  and  the  hygrometric  state  of  the  at- 
mosphere are  favourable.  Finally,  in  winter,  after  the  leaves 
have  fallen  off,  and  the  change  of  materials  within  the  plants 
has  nearly  ceased,  the  water  of  the  stem  and  branches  con- 
tinues, nevertheless,  to  evaporate ; for  it  was  observed  long  ago 
by  Muschenbroeck,  that  even  from  ice  evaporation  takes 
place.  The  plant  being  then  as  it  were  dried  up,  it  is  pre- 
pared for  the  first  absorption  of  liquid  in  the  next  spring, 
which  takes  place  as  toon  as  the  elevated  temperature  of  the 
air  causes  the  first  traces  of  change  of  materials  to  appear 
within  the  plant. 

We  may,  therefore,  with  certainty,  draw  this  general  conclu- 
sion— that  the  motion  of  saps  in  plants  takes  place  through 
all  their  parts  which  are  not  filled  with  fats,  oils,  or  resins, — 
that  is,  not  covered  with  perfectly  impenetrable  layers, — and 
chiefly  through  the  narrowest  parts.  Only  when  these  saps 
are  in  great  abundance — and,  therefore,  only  during  a short 
period  of  the  growth  of  the  plant — do  they  move  through  the 
spiral  vessels  in  consequence  of  their  being  forced  into  them  ; 
but  their  transference  from  one  part  to  another  is  eflected 
through  the  cells,  the  vasa  propria,  and  also  through  the 
milk  vessels  (vasa  laticis)  in  those  plants  which  contain  them. 
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As  regards  the  absorption  of  liquids  by  the  plant  in  sum- 
mer, we  have  to  remark  that  the  quantity  of  the  liquid  thus 
taken  up  is  proportioned  to  the  temperature  of  the  atmo- 
sphere, the  diameter  of  the  stems  or  stalks  of  the  plants,  and 
the  surface  which  the  leaves  expose  to  the  air.  In  hot  days 
this  absorption  is  much  more  energetic  than  in  cold ; thick 
stems  absorb  much  more  than  such  as  are  thinner ; and  a 
plant  which,  ceteris  paribus,  presents  to  the  atmosphere  a 
double  surface  of  leaves — a plant,  for  instance,  that  has  dou- 
ble the  quantity  of  leaves — will,  in  an  equal  period,  absorb 
through  its  roots  a double  quantity  of  fluid. 

These  observations  lead  to  the  following  conclusion : that 
both  the  conveyance  of  the  water  through  the  stem  and  its 
evaporation  through  the  leaves  are  the  first  conditions  which 
determine  the  absorption  of  the  water  that  is  present  about  the 
roots.  If,  therefore,  the  facility  of  passage  through  a number 
of  plants  be  the  same,  the  quantity  of  water  absorbed  depends 
on  the  evaporation  through  the  leavea 

This  is  not  contrary  to  the  observations  of  Sav^  viz.,  that 
in  the  spring  a greater  quantity  of  sap  moves  through  the 
plant,  and  must  therefore  be  extracted  from  the  soil,  than  in 
the  summer  or  autumn.  It  is  true,  that  the  temperature  of 
the  air  is  lower  in  spring  than  in  summer  ; but  it  is  equally 
true,  that  in  the  preceding  winter  the  ascent  of  liquid  from 
the  soil  had  been  impeded,  and  was  continually  decreasing  in 
the  previous  autumn,  whilst  the  evaporation  continued.  At 
the  first  heat  in  spring,  therefore,  before  any  leaves  are  pro- 
duced, a great  quantity  of  water  must  be  absorbed  from  the 
soil,  and  carried  through  the  plant,  in  consequence  of  the 
evaporation  that  takes  place  from  the  whole  surface  of  the 
latter.  In  addition  to  this,  the  development  of  the  bud  com- 
mences, which  uses  up  the  adjacent  fluids.  Thus  the  piarts 
next  to  the  bud,  arc  deprived  of  liquid,  and  this  promotes 
the  ascent  of  fluid  from  the  lower  parts,  and  finally  from  the 
soil  through  the  roots. 

It  would,  therefore,  be  incorrect  to  consider  the  evap>ora- 
tion  of  water  from  the  leaves  as  the  only  cause  by  which  the 
absorption  of  liquid  from  the  soil  by  the  plant  is  eflecte<l ; 
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for  whence  could  this  ascent  originate  in  the  spring,  before 
the  leaves  are  produced  ? 

But  if  it  is  a fact,  that  in  summer  the  evaporation  is  the 
first  requisite  for  this  ascent  of  the  sap,  as  appears  from  what 
has  just  been  mentioned,  in  spring  the  development  of  young 
parts,  and  their  need  of  water,  without  which  they  cannot 
be  properly  developed,  are  the  first  causes  of  this  ascent.  We 
must,  however,  here  distinguish  between  two  different  causes, 
the  one  connected  with  the  solid  substances  that  are  held 
in  solution  by  the  sap  in  spring,  and  the  other  with  the  water 
of  this  sap  itself. 

The  influence  of  the  former  may  be  simply  presented  in 
the  following  manner.  If  we  had  two  vessels,  each  containing 
a solution  of  the  same  salt,  but  of  different  strength,  and  con- 
nected with  each  other  by  means  of  a siphon,  and  we  saw  the 
crj’stallisation  of  the  salt  commence  in  the  one  solution, 
whilst  the  other  was  still  too  dilute,  we  should  at  the  same 
time  perceive,  that  the  weaker  solution  passed  over  through 
the  siphon  into  the  one  that  was  originally  stronger,  in  con- 
sequence of  the  dilution  of  the  liquid  from  which  the  crys- 
tals were  separating.  A similar  action  takes  place  at  the 
development  of  new  cells  in  spring.  Whilst  cellulose  is  form- 
ing from  dextrin,  the  sap  necessarily  becomes  more  diluted, 
but  the  disturbed  equilibrium  is  restored  by  an  exchange  of 
materials  between  the  contents  of  the  cells,  which  are  in  im- 
mediate connexion  with  each  other. 

But  the  cells  that  are  newly  produced  require  liquid  to  fill 
the  space  formerly  not  occupied  by  the  new  part.  The  vesi- 
cle now  formed,  and  not  existing  a little  while  ago,  re- 
quires liquid,  which  can  only  be  derived  from  the  neighbour- 
ing cells.  As  these  cells  are  thus  being  emptied  of  sap,  they 
must  have  this  loss  filled  up  from  below,  and  ultimately  from 
the  soil. 

As  long  as  these  new  cells  continue  to  be  developed,  this 
cause  of  the  upward  motion  of  saps  continues  to  act,  and  be- 
comes more  and  more  energetic  by  the  development  of  new 
parts.  When  at  last  these  parts  are  completely  developed, 
the  ascent  of  liquid  from  the  soil  is  effected  by  evaporation 
alone. 
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But  this  evaporation  itself  commences  in  spring,  immedi' 
atelj  after  the  buds  are  disclosed,  and  although  their  parts 
are  then  small,  yet  they  are  tender,  and  consequently  liable 
to  a much  stronger  evaporation  than  the  surface  of  leaves  of 
equal  size  in  summer.  As  the  young  cells  still  contain  but 
a small  amount  of  solid  substances,  they  afford  greater  faci- 
lity for  the  transmission  of  water  into  the  atmosphere,  than 
the  older  leaves.  The  evaporation  through  the  leaves  in 
spring,  therefore,  is  an  early  and  powerful  cause  of  the  ab- 
sorption of  food  from  the  soil ; and  consequently  we  need  not 
have  recourse  to  special  and  unusual  causes  to  explain  this 
rising  of  the  sap  in  spring. 

The  cause  of  the  dilution  of  saps,  above  mentioned,  viz., 
the  conversion  of  dextrin  into  cellulose,  is  opposed  by  another 
of  great  importance.  As  soon  as  the  leaves  begin  to  be  de- 
veloped, carbonic  acid  and  water  are  converted  by  them, 
through  the  inffuence  and  co-operation  of  organic  substances, 
into  products  consisting  of  carbon,  hydrogen,  and  oxygen, 
a process  which  is  attended  by  the  elimination  of  oxygen. 
Solid  substances,  therefore,  are  formed  within  the  young  ceils 
of  the  leaves.  These  solid  substances  require  water  to  become 
diluted,  which  is  effected  according  to  laws  to  be  detailed  be- 
low. Whilst  this  dilution  is  going  on,  a rising  of  saps  must 
necessarily  take  place  from  one  cell  to  another,  and  so  through 
the  whole  plant. 

Although,  therefore,  the  dilution  of  the  sap,  in  consequence 
of  the  conversion  of  dextrin  into-  membranaceous  bags  of  cel- 
lulose, and  the  formation  of  new  solid  substances  from  the 
carbonic  acid  that  is  absorbed  by  the  leaves,  are  two  actions, 
which,  to  a certain  degree,  compensate  each  other,  yet  the 
final  results  of  both  these  functions  are  the  Increase  of  the 
number  of  cells,  the  filling  of  these  cells  with  liquid,  an 
increased  evaporation  through  the  larger  surface  of  the  grow- 
ing leaves,  and  finally  the  rising  of  sap  from  the  solL 

6°  On  the  Deecent  0/  Solid  Substance*  in  the  Rising  Sip. 

One  of  the  very  important  sources  of  the  formation  of  com- 
ple.x  combinations  in  plants,  is  the  meeting  together  of  t-wo 
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very  different  kinds  of  nourishing  substances  in  two  oppo- 
site directions.  These  substances  are  the  organic  ammonia- 
cal  salts  and  inorganic  salts  of  the  soil,  which  along  with 
water  impregnated  with  carbonic  acid,  enter  through  the 
roots,  whilst  carbonic  acid  itself  enters  through  the  leaves. 
If  it  is  true,  that  the  chief  cause  of  the  production  of 
new  and  peculiar  combinations  in  the  interior  of  plants 
must  be  looked  for  in  that  unlimited  multiplication  of  the 
small  spaces  or  apparatus,  in  which  the  substances  are  en- 
closed, which  they  constantly  leave  and  re-enter,  to  which 
something  is  continually  added,  and  from  which  something 
else  is  taken, — if  it  is  true,  that  this  power  of  forming  new 
combinations  is  really  the  effect  of  those  multifarious  oppor- 
tunities for  mixing  together  the  several  parts,  then  the  meet- 
ing of  two  opposite  currents  of  entirely  different  substances 
within  the  plants  must  cause  a considerable  increase  in  the 
number  of  products.  The  albuminous  substance  being  con- 
stantly introduced  from  the  roots  and  carried  upwards, 
meets  on  its  way  with  descending  non-nitrogenous  com- 
pounds, and  whenever  this  happens,  it  has  an  opportunity 
of  communicating  its  own  state  of  decomposition,  whilst  the 
substance  which  is  the  cause  of  the  de-oxidising  action  in 
plants,  and  which  is,  undoubtedly,  also  carried  upwards  from 
the  roots,  causes  this  decomposition  to  take  place  in  a deter- 
minate direction. 

If  we  enter  deeply  into  the  consideration  how  various  the 
influences  are  to  which  the  food,  when  introduced  into  the 
plant,  is  exposed,  we  ought,  indeed,  to  be  surprised  that  the 
number  of  organic  groups,  which  are  the  effects  of  these  influ- 
ences, is  not  even  greater.  But  what  ought  especially  to 
surprise  us,  is,  that  so  many  generally  diffused  and  completely 
identical  groups,  such  as  cellulose,  dextrin,  starch,  &c.,  can 
exist  in  planta  Nay,  we  should  then  rather  feel  inclined,  »ot 
to  call  the  contents  of  even  two  adjoining  cells  in  the  whole 
vegetable  kingdom  alike,  but  to  find  difficulty  in  understand- 
ing the  variety,  multiplicity,  and  abundance  of  the  combina- 
tions. It  is  only  because  there  are  apparently  limits  to  the 
allotropic  state  of  the  elements,  and  that  their  combinations 
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only  exchange  with  each  other  by  multiples  of  whole  num- 
bers, which  do  not  go  lieyond  a certain  limit,  that  the  vege- 
table groups  are  not  unlimited  in  number. 

In  order  to  give  an  idea  of  the  phenomenon  that  is  named 
at  the  head  of  this  article,  I shall  select  as  an  illustration 
the  formation  of  wood  ; but,  before  doing  so,  I shall  detail 
the  various  views  regarding  it,  which  have  recently  been  ad- 
vanced. 

Botanists  have  WTitten  much  on  the  manner  in  which  the 
formation  of  wood  in  plants  takes  place.*  Dupetit  Thouars 
has  presented  it  in  the  following  manner,  although  the  astro- 
nomer De  la  Hire  had  before  him  expressed  the  same  idea 
Buds  are  true  germs  of  new-  plants.  The  seed,  when  placed 
in  the  ground,  makes  its  roots  enter  into  the  soil,  and  elevates 
the  opposite  part  into  the  air  ; a bud  does  the  same,  for  it  de- 
velopes  its  roots  downwards  into  the  parent  plant,  and  pro- 
duces leaves  and  flowers  in  the  opposite  direction.  The  lat- 
ter fall  in  every  season,  which  predisposes  the  plant  to  a 
new  development ; but  the  former  remain.  The  roots  of  the 
buds  extend  themselves  along  the  interior  of  the  base,  tlirough 
the  entire  stem  of  the  parent  plant  into  the  soil,  and  as  this 
process  is  repeated  by  every  new  development  of  buds,  a new 
layer  of  roots  of  buds  is  every  season  deposited  ujion  the  in- 
terior of  the  bark.  In  other  words,  this  process  gives  rise  to 
the  familiar  annual  rings  of  the  wood,  and  at  the  same  time 
to  the  yearly  extension  of  the  roots  of  the  parent  jilaut  through 
the  soil. 

This  idea  has  been  considerably  enlarged  by  Gaudichaud. 
According  to  him,  and  in  accordance  with  a very  general  con- 
ception, plants  contain  an  ascending  and  a descending  sap. 
The  latter  moves  between  the  bark  and  the  wood,  and  pro- 
duces cells,  placed  horizontally,  that  is,  in  the  direction  of  the 
mdflullary  rays  ; whilst  from  this  same  descending  sap  between 
bark  and  wood,  vessels  and  ligneous  cells  are  produced  in  a 
vertical  direction  downwards. 

• Sco  the  warm  controversy  between  Mirbel  and  Gaudichaud  in  Comptes 
Bendus,  1843,  p.  1214  ; 1st  Series,  p.  1235  and  p.  1379  ; and  also  in  Annalcs 
dca  Sciences  Xaturclles,  2d  Ser.,  Tome  20. 
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Leaving  for  a moment  the  question  regarding  an  ascending 
and  descending  sap — it  must  be  said  of  the  above  idea,  that 
it  is  in  accordance  with  many  facts.  If,  for  instance,  a 
string  is  tied  round  a stem,  a swelling  of  vascular  bundles  is 
produced  above  the  string,  and  this  could  oidy  have  been 
caused  by  descending  substancca 

Against  this  idea  several  arguments  have  been  advanced, 
one  of  which  is  the  following.  Whilst  the  buds  emit  bun- 
dles of  vessels,  as  their  roots,  downwards  between  the  bark 
and  the  wood,  it  is  obvious  that,  if  this  were  the  cause  of 
the  formation  of  wood,  these  bundles  ought  to  be  most  highly 
developed  near  the  buds,  and  that  thus  the  branches  that 
were  last  devclcyied  ought  to  present  a much  more  abundant 
formation  of  wood  than  the  stem,  which  is  far  removed  from 
the  buds.  But  we  know  that  this  is  contrary  to  fact.  Fur- 
ther, in  the  process  of  grafting  and  splitting,  the  wood  of  the 
graft  ought  to  be  homogeneous  with  that  of  the  stock,  after 
the  joined  parts  have  properly  grown  together  ; that  upon 
which  the  grafting  has  been  performed,  should  bo  identical 
with  the  scion.  But  this  is  not  the  casa 

The  Abies  pectinata,  when  sawn  off  some  feet  above  the 
ground,  continues  for  many  years  to  increase  its  stem,  and 
new  layers  of  wood  are  deposited  around  it,  as  when  the 
tree  was  uninjured.  (Dutrochet).* 

Have  we  a right  to  conclude,  from  what  is  here  stated,  that 
in  the  normal  condition  of  a plant,  the  $aps,  from  which  wood 
is  formed,  are  actually  carried  downwards  between  the  bark 
and  wood,  and  that  when  the  bark  is  in  a state  of  disease, — 
for  instance,  in  consequence  of  a circular  incision, — the  opera- 
tions are  performed  in  new  channels,  as  takes  place  in  animals 
when  large  arteries  are  tied  ? 1 believe  that  nothing  of  all 

this  has  been  proved  I'y  evidence.  When  we  speak  of  the 
ascending  or  descending  motion  of  saps,  this  ought  not  to4be 
deduced  from  phenomena  and  products  of  secretion,  but  from 
observations  of  the  motion  of  the  sap  itself. 

I am  further  of  opinion,  that  we  have  no  ground  whatever 
to  maintain,  that  the  new  woody  rings  are  roots  of  the  buds, 

• Coun  Element,  d’  Hiet.  KaL,  Botan.  par  M.  A.  de  JuMien,  P.  I.  p.  271. 
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but  only  tlnit  subgtinifes  arc  carrie<l  downwards,  from  wUicli 
cells  are  produced  in  the  medullary  rings  and  vessels  in  a 
vertical  direction,  and  that  when  the  bark  is  in  a state  of 
disease,  these  pro<luctions  are  formed  in  some  other  manner, 
as  yet  unknown. 

In  order  to  have  a clear  idea  of  the  downward  motion  of 
the  substances  of  the  food,  we  must  make  a due  distinction 
l>etween  the  actual  descent  of  saps  or  liquids,  and  that  of  salt- 
stances  which  these  saps  hold  in  solution.  It  is  a matter  of 
surprise,  that  nobody  has  yet  thought  of  making  this  distinc- 
tion. It  appears  to  me,  that  thus  several  questions  might  be 
solved  by  one  single  answer.  The  descent  of  saps  or  liquids 
in  the  plant  is  not  supported  by  one  observation,  and  we 
have  therefore  no  ground  for  accepting  it  as  a fact ; whilst 
many  unquestionable  observations  prove  that  there  is  a de- 
scent of  substances  held  in  solution. 

All  the  phenomena,  adduced  by  Dupetit-Thouars  and 
Oaudichaud,  merely  prove  that  there  is  a descent  of  substan- 
ces, dissolved  in  the  sap.  Referring  to  the  known  pheno- 
mena of  endosmose,  it  is  obvious  that  these  are  generally  at- 
tended with  a mutual  exchange  of  constituents  between  the 
liquids  that  penetrate  the  membranes. 

If  two  substances,  A and  B,  each  dissolved  in  water,  are  to 
act  upon  each  other  by  endosmose,  port  of  A will  be  moved 
towards  B,  and  at  the  same  time  part  of  B towards  A,  and 
the  products  will  be  A B and  B A. 

If  there  is  really  an  endosmotic  action  in  plants, — a fact 
which  nobody  will  call  in  question, — if  the  roots  do  actually 
absorb  A from  the  soil,  and  the  leaves  B from  the  air,  then 
there  roust  be  produc«l  throughout  the  plant  various  propor- 
tions of  A B and  B A ; and  although  the  whole  of  the  sap 
of  the  plant,  that  is,  the  whole  of  the  watery  liquid,  rise 
upwards  in  the  plant,  yet  there  must  be  a downward  mo- 
tion of  B and  of  all  its  products. 

This  is,  I think,  the  light  in  which  we  must  view  the  phe- 
nomenon of  the  fonnation  of  wood  and  many  others,  origi- 
nating from  the  two  opjmsitc  sources  of  the  nourishment  of 
plants,  the  soil  and  the  air.  The  greater  part  of  the  carbonic 
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acid  beiug  derived  from  the  air,  and  thus  supplied  from  above, 
and  this  being  the  material  from  which  the  largest  quan- 
tity of  solid  substances  is  to  be  prepared,  it  is  consistent 
with  appearance*  to  assume,  that  the  vegetable  tap,  which  is 
to  supply  solid  substances,  is  carried  from  aliove  downwards. 
Yet  the  water  of  the  thin  watery  liquid  atcendt,  and  within  the 
plant  an  exchange  takes  place  between  the  organic  food  and 
the  saline  solution  from  the  soil,  and  the  carbonic  ackl 
from  the  leaves  with  its  products.  This  exchange  is  per- 
formed endosmotically,  and  in  innumerable  directions,  and 
thus  the  appearance  of  a downward  motion  of  solid  sub- 
tances  must  necessarily  arise. 

We  have  therefore  no  ground  for  asserting  a circulation 
of  the  saps  from  the  roots  to  the  leaves  and  back  again  ; on 
the  contrary,  we  have  reasons  for  denying  this.  The  idea 
that  the  food  absorbed  by  the  roots  i.s  elaborated  in  the 
leaves,  is  unfounded,  this  being  only  applicable  to  the 
small  quantity  of  carbonic  acid  which  has  been  taken  up  along 
witJi  the  rain  water,  and  cannot  be  decomposed  in  the  dark. 

It  is  necessary,  however,  to  dwell  a little  upon  one  or  two 
apparent  contradictions  to  these  views.  In  the  first  place,  it 
might  seem  unnatural, — that  whilst  the  main  bulk  of  the  food 
is  introduced  through  the  leaves,  by  the  endosmotic  exchange  of 
the  contents  of  the  various  cells, — the  stems  should  be  thickest 
near  the  root,  and  should  thin  oiit  towards  the  top,  even  when 
there  are  no  branches.  But  this  very  fact  is  confirmatory  of 
the  remarks  which  I before  ma<le,  viz. : that  the  substances 
which  are  to  give  the  impulse  to  those  about  to  be  exchanged, 
must  be  derived  from  the  soil  Before  the  substances,  de- 
scending from  the  leaves  through  the  stem  and  branches, 
can  assume  a definite  form — for  instance,  that  of  woody  cells, 
— they  must  receive  an  impulse  or  imj)ression  from  other  sub- 
stances which  are  in  a state  of  transformation.  As  the  latter  as- 
cend from  the  soil,  the  formation  of  new  cells  must  be  most 
rapid  and  energetic  there,  wher^the  largest  quantity  of  these 
nitrogenous  bodies  exists ; that  is,  at  the  foot  of  the  stem. 
Consequently,  the  stem  must  be  tliickest  below,  and  thin  out 
towards  the  top. 
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In  the  spring,  a great  part  of  these  nitrogenous  substances 
in  the  stem  is  separated  from  the  sap,  and  is  deposited  in  the 
cell  walls  in  an  inert  state ; but  in  the  course  of  the  summer 
the  same  nitrogenous  bodies  accumulate  higher  and  higher 
in  the  stem,  and  thus  reach  the  foot  of  the  branches.  Here 
they  remain  till  the  next  spring,  and  are  then  again  dis- 
solved in  the  sap  that  rises  from  the  soil.  In  this  manner, 
a larger  remainder  from  the  former  year  is  ready  at  hand,  to 
be  immediately  transferred  into  the  leaves,  there  to  excite 
action — that  is,  to  form  new  products  from  the  carbonic  acid 
which  the  leaves  absorb. 

But  it  must,  moreover,  be  borne  in  mind,  that  although 
the  carbonic  acid  were  instantly  converted  within  the  leaves 
into  a solid  and  soluble  organic  substance,  it  does  not  follow 
from  this,  that  this  solid  substance  is  Immediately  capable  of 
being  converted  into  cells  or  wood.  Consequently, — even 
although  the  whole  of  the  food  were  absorbed  by  the  leaves, 
and  nothing  from  the  soil, — there  would  still  l>e  no  reason 
why  this  stem  should  be  thin,  and  the  branches  very  thick. 

Setting  aside  the  questions  regarding  the  morphologic  de- 
velopment of  the  wood,  I consider  it  as  established, — 

1st  That  the  sap  of  plants  is  everywhere  ascending,  and 
never  descending. 

2d.  That  in  its  upward  movement  it  carries  along  the  pro- 
tein, which  can  only  be  produced  from  the  constituents  of 
the  soil,  but  not  from  what  is  absorbed  by  the  leaves. 

3d.  The  main  bulk  of  solid  substances,  however,  is  formed 
at  the  other  extremity  of  the  plant,  viz : the  top ; at  least 
their  source  is  there. 

4th.  By  endosmotic  exchange,  from  above  downwards, 
and  vice  versa,  a certain  portion  of  these  solid  substances  is 
made  to  descend  in  the  continually  ascendinp  watery  liquid ; 
a result  which  is  known  to  be  inevitable  from  the  laws  of 
endosmose. 

5th.  These  descending  substances  give  rise  to  new  cells, 
new  products,  and  are  the  chief  materials  from  which  ww>d 
is  formed. 
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6°  On  Milk-sap  Vessels  and  Milk  Sap. 

• 

The  description  of  these  vessels,  and  the  observation  of 
their  contents,*  we  chiefly  owe  to  Schultz,  whilst  his  views 
have  been  opposed  by  several  others,  especially  by  Trevira- 
nu.s.  The  latter  did  not  deny  that  plants  possess  a peculiar 
system  of  tubes,  which  serve  for  the  conveyance  of  sap  ; but 
this  sap,  which  Schultz  called  vital  sap,  nourishing  liquid, 
was  considered  by  Treviranus  as  a secretion  ; the  former 
ascribed  to  these  vessels  a chief  function,  whereas  the  latter 
contended  that  their  importance  in  plants  is  very  secondary. 

My  colleague,  Harting,  has  kindly  afibrded  me  an  opportu- 
nity of  seeing  the  motion  of  sap  in  the  stipules  of  Ficus  elas- 
tica,  in  the  petals  of  Papaver  orientate,  and  in  some  other 
parts  of  plants ; but  on  account  of  my  limited  knowledge  of 
this  subject,  I must  chiefly  refer  to  the  observations  of  others. 
This  subject  is  of  the  highest  importance  in  the  physiology 
of  plants.  If  there  are  really  sap  vessels, — if  it  is  a fact,  that 
in  plants,  as  in  animals,  a liquid  circulates, — then  a new  si- 
milarity between  the  functions  of  both  will  have  been  disco- 
vered ; and  the  general  principles  upon  which  secretion  and 
nutrition,  that  is,  the  change  of  materials  in  animals,  are 
based,  are  partly  applicable  to  plants. 

The  sap  vessels  may  be  easily  recognised  by  their  contents. 
When  placed  under  the  microscope,  we  see  them  as  conti- 
nuous canals,  while  the  liquid  contents  move  at  intervals,  as 
can  be  readily  ascertained,  from  a large  quantity  of  globular 
or  diflferently-sized  bodies  passing  o^r  the  focus  of  the  mi- 
croscope. These  globules  are  floating  in  a liquid,  just  as 
the  blood  corpuscles  do  in  the  blood,  and  by  the  great  mul- 
titude they  give  the  watery  sap  a milky  appearance.  Hence 
it  is  called  milk  sap.  Schultz’s  statements  regarding  the  na- 
ture of  these  globules  have,  without  doubt,  sufficient  foun- 
dation. He  thinks  they  take  no  part  in  the  formation  of 
the  solid  body,  which  is  produced  when  the  milk  sap  comes 

• Memoires  pr^sent^s  k I'Acad^mie,  1841,  Tom.  7,  p.  1,  and  Verhand  dcr 
KaU.  Leop.  Car.  &c.,  Bd.  18,  Suppl.  2,  1841. — See  further  : Flora,  1843,  Ko. 
43  and  44.  4nnnL  dea  Scienc.  Natur. : Bot.  Jan.  and  March  1844. 
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into  contact  with  the  air  ; but  that  the  ooagulum,  which 
is  pro<luced  under  these  circumstances,  originates  from  invi- 
sible particles,  dissolved  in  the  sap,  or  at  least  not  contribut- 
ing to  its  milky  appearance.  These  particles  he  conceives 
to  form  an  elastic  body,  by  cohering  together,  in  the  s<ime 
manner  as  fibrin  in  the  clotting  of  the  blood.  This  elastic 
substance  he  calls  elastine,  and  in  his  o]iinion  it  coa°ists 
either  of  caoutchouc  alone,  or  of  wax  and  gum  besides.  The 
globules  themselves  are  composed  of  waxy  or  fatty  sul>- 
stances  ; and  sometimes  they  flow  together  like  little  drops 
of  oil.  Ether  and  alcohol  extract  from  them  fat  and  wax ; 
the  smaller  ones  being  completely  dissolved,  whilst  in  those 
of  larger  size  the  waxy  contents  are  surrounded  by  a mem- 
brane, which  is  insoluble  in  these  liquids. 

According  to  Schultz,  the  constituents  of  the  milk  sap  are 
caoutchouc,  wax,  fat,  sugar,  gum,  albumen,  and  salts. 

A superficial  view  of  all  this  is  sufficient  to  show  that, 
however  great  the  merits  of  Schultz  are  as  respects  his  ob- 
servations on  the  sap  vessels,  his  chemical  knowledge  was 
insufficient  to  enable  him  to  give  any  clear  idea  regarding 
the  nature  of  their  sap  ; and  so  we  are  still  completely  in 
the  dark  upon  this  point.  It  is  unquestionable  that  there 
are  many  varieties  of  sap  in  the  milk  vessels.  In  some  of 
them  the  globules  are  actually  caoutchouc,  of  which  they  con- 
sist almost  exclusively ; by  the  contact  of  the  air  they  close 
up  and  form  a real  coagulum.  Faraday  has  proved  that  this 
is  the  case  in  the  kind  of  milky  sap  from  which  the  caout- 
chouc is  obtained.  In  many  other  plants  caoutchouc  is  also 
present ; opium,  for  instance,  contains  so  much  of  it  that,  if 
not  too  dry,  it  actually  becomes  elastia  But  in  a great  num- 
ber of  milk  saps  we  find  not  even  a trace  of  caoutchouc ; and  I 
therefore  consider  the  statements  of  Schultz  as  incorrect  for 
these  three  reiusons:  1st,  that  the  globules  of  the  sap  may  1« 
real  globules  of  caoutchouc,  and  need  not  always  consist  offal 
or  wax  ; 2d,  that  they  may  contain  a variety  of  other  sub- 
stances besides,  regarding  which  no  investigations  have  been 
made ; and  .'id,  that  in  many  su|>s  not  a trace  of  caoutchouc 
exist.s,  and  that  consequently  the  coagulum  which  is  forme<i 
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iu  these,  cannot  always  be  named  eUutine.  By  the  applica- 
tion of  a few  re-agents,  we  can  learn  nothing  about  the  na- 
ture of  this  sap,  and  therefore  the  first  sound  knowledge 
in  this  important  department  of  vegetable  physiology  must 
be  expected  at  some  future  time. 

Mohl,  however,  has  made  important  observations  upon  the 
nature  of  the  globules.*  He  examined  the  sap^of  Sambucus 
ebulus,  of  which  the  globules  are  particularly  large,  hav- 
ing a diameter  of  l-50th  of  a millimeter,  whilst  those  of  the 
fig-tree  have  only  a diameter  of  from  1-400  to  1-200  of  a 
millimeter,  and  those  in  the  milk  sap  of  Euphorbia,  Asclepias, 
Papaver,  and  Cichorium  are  even  much  smaller.  The  glo- 
bules in  this  sap  he  found  to  consist  of  an  almost  soft  and  very 
glutinous  substance,  which  could  be  drawn  out  into  long 
tlireads,  which  could  be  united  together  by  pressure,  and  pre- 
sented.not  even  a trace  of  a membrane.  When  stirred  with  a 
needle,  the  globules  form  one  coherent  and  glutinous  mass. 

A thin  layer  of  milk-sap,  dried  on  the  object  glass,  produces 
no  coagulum,  and  presents  nothing  similar  to  the  formation 
of  the  clot  on  blood.  On  the  contrary,  when  this  dry  resi- 
due is  moistened  with  water,  the  original  sap  is  restored,  and 
also  its  globules,  as  they  appeared  in  the  fresh  sap. 

When  a portion  of  dried  milk-sap  is  touched  with  the 
point  of  a needle,  it  throws  off  little  fragments,  like  a brittle 
and  gummy  substance.  In  this  dried  and  brittle  residue  the 
globules  are  diffused. 

It  follows,  therefore,  from  these  observations  of  Mohl,  that 
caoutchouc  exists  in  milk  saps  in  the  form  of  globules,  and 
not,  as  Schultz  asserts,  in  a state  of  solution  or  division,  like 
the  fibrous  matter  of  the  blood.  The  globules,  found  by 
Mohl,  are  insoluble  in  alcohol,  but  soluble  in  ether,  and  hence 
the  addition  of  ether  to  a milk  sap  lessens  its  milky  appear- 
ance. When  such  a mixture  of  milk  sap  and  ether  is  dried, 
it  is,  according  to  Mohl,  in  several  respects  similar  to  caout- 
choua 

From  these  observations,  therefore,  of  Mohl,  it  appears  that 
the  comparison,  drawn  by  Schultz,  between  the  milk  sap  of 

* Botan.  Zeitung,  IS  Aiig.,  1843. 
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plants  and  the  blood  of  animals,  between  the  coagulation  of 
the  latter  and  the  separation  of  caoutchouc  from  the  former, 
&c.,  is  unfounded. 

As  to  the  motions  of  the  milk  sap,  we  plainly  perceive  a 
progressive,  and,  at  the  same  time,  a rotatory  movement  of  the 
globules,  whilst  the  latter  are  moved  in  a direction  opposite 
to  that  of  the  movement  of  the  sap.  The  latter  motion  may 
depend  upon  external  influences,  but  it  may  also  arise  from 
causes  that  arc  yet  unknown.  Its  existence  is  unquestion- 
able. Among  the  causes  from  wliicli  it  may  arise,  may  be 
named  the  influence  of  light  and  heat,  and  molecular  attrac- 
tion. It  seems,  however,  impossible  at  present  to  explain  it 
Until  the  causes  of  Brown»  motion  are  cleared  up,  we  cannot 
express  any  decided  opinion  upon  that  ]>eculiar  motion  of  the 
cellular  saps  or  of  the  latex  of  the  sap  vessels, — a motion 
which  has  the  appearance  of  being  dependent  upon  alternate 
attraction  and  repulsion. 

The  rotatory  movement  of  the  globules  presents  nothing 
particular,  except  this,  that  it  proves  to  us  that  these  bodies  are 
not  spherical.  We  may,  indeed,  sometimes  perceive  that  they 
are  polyhedric.  If  they  were  of  a spherical  form,  their  rotatory 
movement  could  not  be  perceived. 

The  progressive  movement  is,  as  far  as  I myself  have 
observed  it,  of  a very  variable  kind.  Sometimes,  especially  in 
the  beginning  of  our  observation  of  some  sap  vessels,  we  see 
the  globules  rapidly  flying  across  the  focus  of  the  microscope 
The  movement  becomes  gradually  less,  ceases,  recommences, 
goes  on  at  almost  regular  intervals,  and  sometimes  it  ceases 
suddenly,  in  which  cases  it  seldom  reappears.  Insomeinstances 
the  direction  is  at  once  reversed.  Lateral  currents,  originat- 
ing from  the  anastomoses  of  the  sap  vessels,  flow  into  the 
main  stream,  with  which  they  unite  in  a regular  manner. 

Now,  the  question  is,  whether  those  motions  are  in  any  re- 
spect similar  to  those  of  the  blood  in  the  capillary  system  I 
The  contrary  is  evident  from  the  phenomena  briefly  enumer- 
ated here  ; and  the  observations  of  Morren,  Amici,  and  espe- 
cially those  of  Mohl,*  make  it  certain  that  the  motion  of 

* BoUd.  Zfitnnx,  25  .tuff-,  1S43. 
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these  globules  in  plants  is  regulated  by  external  circum- 
stances ; for  instance,  pressure  effected  on  a leaf  during  the 
microscopic  observation, — the  cutting  of  the  leaf  and  the 
flowing  of  the  sap  from  the  petiole,— the  application  of  heat 
to  the  spot  under  observation  by  means  of  the  direct  rays  of 
the  sun, — the  endosmotic  action  of  the  water,  with  which  the 
part  is  moistened  during  the  observation,  &C.  To  the  influ- 
ence of  such  external  causes,  we  may  also  refer  the  changes 
of  direction  exhibited  by  the  milk  sap,  during  the  course  of 
its  motion,  &c. 

But  does  this  annihilate  the  great  importance  of  the  sap 
vessels  and  latex  as  regards  the  physiology  of  plants  ? I can- 
not see  that  this  is  the  case.  Plants  are  influenced  by  innu- 
merable external  causes,  by  which  this  motion  of  the  sap  may 
he  maintained  ; and  thus  may  a certain  liquid  be  transferretl 
through  peculiar  tubes,  from  some  parts  to  others,  at  a great 
distance.  In  this  manner  a similar  effect  may  arise  in  plants 
from  the  sap  of  the  milk  vessels,  as  in  the  animals  from  the 
blood,  namely,’  a change  of  materials  supported  by  a common 
fluid  ; — a change  of  materials,  proceeding  from  a fluid,  from 
which  at  one  place  something  is  taken,  and  to  which  at 
another  place  something  is  added. 

To  these  external  causes,  which  can  maintain  the  motion 
of  saps  in  plants,  belong  the  heat  of  the  sun,  which  affects 
the  several  parts  of  the  leaves  in  different  degrees  ; the  mo- 
tion of  the  air,  even  that  caused  by  the  slightest  winds,  and 
a great  many  others. 

Although,  therefore,  we  have  no  reason  to  assume,  that 
this  motion  of  the  sap  arises  from  an  organic  cause,  as  Schultz 
appears  to  have  erroneously  inferred,  yet  the  motion  itself  re- 
mains a fact,  and  likewise  the  service  which  the  sap  can  per- 
form in  planta 

But  it  is  still  a question.  If  this  sap  should  be  called  tital 
nap ; — for  it  may  perform  important  functions,  and  yet  these 
may  not  constitute  the  chief  functions  of  plants. 

It  is  difficult,  and  perhaps  impossible,  positively  to  answer 
this  question.  But  if  we  ask,  is  it  a function  of  the  sap  of 
the  milk  vessels,  to  be  conveyed  through  active  parts  of 
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plants,  iuiil  St)  to  contribute  to  the  change  of  materials,  and 
does  it  therefore  not  belong  to  the  excretions  of  plants  ? — then 
this  question  must  be  answered  in  the  affirmative ; for  the 
service  it  performs  is  certainly  important  for  the  maintenance 
of  the  change  of  mateiials,  that  is,  for  vegetable  life.  The 
value  of  the  latex  does  not  dejiend  on  the  absence  or  }>re- 
sence  of  periodic  regularity  in  its  motion,  nor  on  the  cause 
of  this  motion  being  organic  or  not.  Even  the  most  irregular 
motion,  entirely  dependent  on  external  causes,  would  not 
jirevent  the  latex  from  performing  the  same  service  in  )>lants 
as  the  blood  of  the  capillary  system  does  in  animals,  by  an 
exosmotic  transmission  of  substances  into  or  from  the  adja- 
cent cells.  Or  I might  rather  say,  it  is  beyond  doubt  that  this 
transmission  must  take  place  in  the  presence  of  a watery 
fluid  and  of  walls,  such  as  those  of  the  vessels  of  the  latex, 
and  although  this  latex  may  not  deserve  the  name  of  riud 
gap,  its  value  as  regards  the  preservation  of  life  in  plants  is 
unquestionable.  A great  part  of  the  doctrine  of  Schultz  on 
this  subject  may  fall  to  the  ground,  yet  I think  that  the  most 
important  points  of  his  theory  are  to  be  maintained,  even  af- 
ter Mohl’s  observationa* 

I conclude  this  brief  notice  of  what  we  know  regarding 
the  sap  vessels  and  the  latex,  by  repeating,  that  many  active 
parts  of  plants  contain  narrow  tubes,  through  which- a wa- 
tery sap,  mixed  with  highly  nitrogeuised  substances,  may  be 
put  in  motion  by  external  influences ; and  that  this  sap 
serves  the  adjacent  cells  to  take  out  of  and  pour  into,  in  the 
same  manner  as  happens  with  the  capillary  vessels  in  the  ani- 
mal tissues. 

What  we  know  already  regarding  the  chemical  composi- 
tion of  these  milk  saps  entitles  us  to  assume,  that  they  differ 
in  plants  of  different  families,  and  are  the  same  in  the  same 
families.  But  we  have  almost  no  knowledge  as  yet  of  this 
subject,  in  connection  with  the  physiology  of  plants. -|-  We 
know  that  opium,  antiar  poi.son,  and  many  so-called  gum- 

* BoL  Zeitung,  1st  Sept.,  1843 

+ See  further  regarding  the  convc.var.ee  of  sap  in  the  vofeel".  of  plants,  Rcr 
mingcr,  in  Bot  Zeitung,  ITIh  March,  1843. 
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resins,  are  the  solid  residues  that  reiimin  after  the  evaporation 
of  the  latex ; but  it  would  lead  us  quite  beyond  the  right 
path,  were  we  to  draw  from  these  individual  instances  any 
general  conclusion  as  to  the  composition  of  the  sap  of  the 
milk  vessels. 

Some  of  these  milk  saps  have  been  examined  by  Boussin- 
gaalt.*  He  found  that  the  sap  of  the  fruit  of  Carica  papaya, 
analysed  by  Vauquelin,  also  exists  in  the  stem  of  this  plant, 
although  it  is  of  a less  milky  appeal ance.  It  looks  like  a 
mixture  of  water  and  milk  ; but,  on  exposure  to  the  air,  it  be- 
comes soon  coagulated.  Besides  a large  quantity  of  protein,  he 
found  in  it  sugar,  and  a small  quantity  of  wax  and  resin. 

The  sap  of  the  Cow  tree  (Galactodendron  duke),  which 
has  been  analysed  by  de  Rivero  and  Boussingault,  is  so  simi- 
lar to  cows’  milk  in  ajipearance,  that  it  might  almost  be  con- 
founded with  it.  Acid.s,  however,  do  not  coagulate  it,  and  al- 
cohol but  little.  When  heated,  a thin  film  is  formed  on  the 
surface,  and  on  further  evaporation  drops  of  oil  appear, 
which  continually  increase  in  quantity.  After  the  water  has 
been  wholly  evaporated,  afatty  liquid  remains  behind,  in  which 
a fibrous  mass  floats,  and  which,  on  being  more  strongly 
heated,  gives  off  a smell  so  much  resembling  that  of  roasted 
meat,  that  no  difference  can  be  perceived  between  the  two. 

The  fatty  substance  fuses  at  140°  F.,  and  is  soluble  in  alco- 
hol and  potash.  The  fibrous  mass  appeared  to  be  perfectly 
similar  to  the  fibrin  of  the  blood,  which,  however,  implies 
nothing  more  than  that  it  exhibits  the  characters  of  vege- 
table albumen,  according  to  the  properties  mentioned  by 
Boussingault  It  is  owing  to  this  substance,  that  the  sap 
of  this  plant,  when  getting  old,  acquires  the  smell  of  old 
cheese. 

In  addition  to  vegetable  albumen  and  a fatty  substance, 
which  had  some  of  the  properties  of  wax,  this  milk  sap  con- 
tained a little  sugar,  a free  acid,  various  salts,  and  water.  It 
is,  therefore,  a real  emulsion,  and  may  indeed  be  compared 
with  cows’  milk.  The  use  of  it  as  a common  drink  is  conse- 
quently very  natural. 

• Economie  Rurale.  Tome  i.,  p.  125. 
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The  sap  of  Hura  crepitans  is  considered  by  Boussingault 
as  poisonous,  even  by  mere  exhalation.  It  has  the  same 
appearance  as  the  sap  of  the  Cow  tree,  but  is  a little  more 
yellow.  It  contains  gluten  or  casein,  a blistering  oil,  an  al- 
kaloid, a nitrogenous  odoriferous  body,  salts  and  water. 

The  sap  of  Antiaris  toxicaria,  from  which  the  upas-antiar 
poison  is  prepared  by  a simple  evaporation  of  the  water,  con- 
tains, besides  water. 


Vegetable  albumen. 

1614 

Gum,  .... 

12  34 

A peculiar  resin. 

. 20-93 

Myricin, 

7^2 

Antiarin, 

356 

Sugar,  . . T. 

631 

Extractive  matter  and  salts. 

33  70 

100* 

Several  plants  contain  a milk  sap,  which  yields  caoutchouc. 
Sap  of  such  a kind,  very  rich  in  caoutchouc,  may  be  obtained 
especially  from  Jatropha  elastica,  Haevea  caoutchouc.  Ficus 
indica,  and  Artocarpus  integrifolia,  all  plants  from  tropical 
regions.  On  making  an  incision  through  the  bark,  the  sap 
flows  out,  which  may  be  kept  for  a long  time  in  closed  bot- 
tles. When  the  water  is  evaporated,  the  caoutchouc  remains 
behind  with  its  familiar  properties.  Faraday  found  in  100 


parts — 

Caoutchouc,  ...  32 

Vegetable  albumen,  . . 2 

A nitrogenous,  bitter  substance,  soluble 
in  water  and  alcohol,  . 7 

Sugar,  ....  3 

Water,  ....  56 


100 

By  mixing  the  sap  with  water,  the  caoutchouc  may  be  washed 
clean  from  the  other  substances,  and  thus  be  obtained  almost 
in  a pure  state. 

* >’attir-cn-Schcikundic.  Archief.,  Dd.  S. 
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Finally,  opium,  derived  from  the  capsules  of  Papaver  som- 
niferum,  by  means  of  incisions,  is  also  a latex,  in  which  we 
find  narcotin,  morphine,  thebuin,  meconin,  codein,  narcein, 
meconic  acid,  resin,  fat,  caoutchouc,  gum,  mucilage,  extrac- 
tive matter,  &c. 

H.  On  the  Secreting  Organs.  Secretions. 

Plants  dbntain  not  only  canals,  filled  with  air  or  liquid, 
but  also  certain  tubular  cavities,  of  a less  regular  form,  and 
filled  either  with  air,  or  with  mucilage,  gum,  resins,  and  bal- 
sams. These  cavities  owe  their  existence  to  the  disjunction  of 
a number  of  cells.  The  resins  and  balsams  are  products  of 
oxidation  of  the  ethereal  oils,  and  hence  they  owe  their  origin 
to  the  entrance  of  the  air  into  these  canals ; but  the  other 
substances,  such  as  gum  and  mucilage,  which  are  found  in 
these  cavities,  have  merely  transpired  through  their  walla 
They  occur  as  such  in  the  cells  themselves,  and  therefore 
Meyen  is  mistaken  in  classing  them  with  the  excretions  of 
plants,  and  in  calling  these  canals  secreting  organs. 

There  is  nothing  particular,  therefore,  in  the  existence 
of  these  substances  in  canals,  which  are  sometimes  filled 
•with  air, — but  which  ought  not  on  that  account  to  be 
distinguished  from  those  containing  ethereal  oils,  resins,  gums, 
&C.  On  the  contrary,  the  presence  of  these  canals  and 
products  arises  from  a general  cause.  Formed  by  the  dis- 
junction of  cells,  they  absorb  air,  ethereal  oil,  mucilage,  gum, 
&c.,  accoiding  to  the  nature  of  the  cells  which  surround 
them,  and  which  force  their  contents  into  them.  They 
may,  therefore,  alternately  perform  different  functions,  by 
alternately  containing  different  substances.  This  is  certainly 
the  case  with  regard  to  those  containing  resins  and  bal- 
sams, which  must  originally  have  contained  ethereal  oils,  the 
latter  being,  however,  converted  into  resins  or  balsams,  be- 
cause the  canals  also  contain,  or  admit  of  the  entrance  of  air. 
The  difference  between  resins  and  balsams  is  owing  to  the 
quantity  of  air  admitted,  for  balsams  are  mixtures  of  resins 
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and  ethereal  oils,  and  tlierel’ure  they  are  in  u loner  degree  of 
oxidation  than  the  resins. 

The  difference,  then,  in  the  suhstance.s  contained  in  these 
canals,  depends  on  the  nature  of  the  adjacent  cells,  or  on 
the  substances  present  in  these  cells,  and  on  the  function 
•which  they  perform.  Those  canals  serve  merely  to  carry 
the  said  substances, — viz.,  gums,  resin.s  balsams,  air,  ic,  out 
of  the  plant.  They  do  not  perform  the  function  of  secre- 
tion, any  more  than  the  urine-blat’der  does  in  animals.  This 
function  is  exercised  in  another  part,  viz.,  in  the  adjoining 
cellular  contents.  The  exchange  < f the  constituents  of  these 
contents  gives  rise  to  a new  product,  which,  after  being  pre- 
pared, transpires  through  the  walls  of  the  cells.  Transpira- 
tion is  something  different  from  secretion,  from  real  pro- 
duction. The  cells  immediately  adjoining  the  channels  men- 
tioned, contain  the  substances  and  expel  them.  The  inter- 
cellular canal  does  nothing  else  than  receive  them,  and  itself 
increases  in  volume  with  the  increase  in  the  quantity  of  the 
transpired  substances. 

The  difference  in  length  of  these  respective  canals,  their 
comparative  shortness, — for  instance,  those  in  perlsperms  of 
theUmbellata, — preventing  the  free  access  of  the  air,  is  the 
cause  why  some  of  them  contain  volatile  oils  and  no  resins ; 
whilst,  on  the  other  hand,  some  ethereal  oils  arc  less  liable  to 
be  transformed  into  resins  than  others.  D<5candolle  calls 
them  rftertoirs  en  eoecum. 

The  real  organs  of  secretion  in  plants  are  the  so-called 
glands,  which  have  been  examined  by  Link,  Mirbel,  Guettard, 
Schrank,  and  Meyen*.  They  serve  either  to  prejuire  the  fluids, 
and  to  remove  them  from  the  plant,  or  at  least  to  perform 
the  latter  function.  Some  of  them,  however,  are  placed  in 
the  interior  of  the  plants,  and  are  called  internal  gland*. 

The  external  glands  are  either  simple  or  compound.  The 

* Link  in  Philosophia  BoUnica,  p.  231. 

Mirbel,  Mdmoirefi  dn  Museum  d'llist.  Xatur.  T.  9,  p.  455. 

Guettard  in  HUt.  de  I'Acaditmic  Royalc  dee  Sciences,  1745-1750. 

Schrank,  Von  der  NebengcflUiscn  der  Pflan7.cn,  1794. 

Me.ven  in  Die  Secretions ; Organe  der  Pflanzen,  Berlin,  1587. 
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former  sometimes  consist  of  one  single  cell,  or  of  a few  to- 
gether, provided  with  a single  hair,  of  which  the  head  or  ex- 
tremity is  the  real  gland.  These  glands  are  called  p'di  capi- 
tati.  The  liairs  themselves  are  formed  from  cells  of  the  epi- 
dermis, being  developed  from  their  superior  wall.  They  are 
articulated,  that  is  to  say,  the  cell,  which  is  developed  from 
the  surface  of  the  epidermis-cells,  produces  a second  cell  in  a 
longitudinal  direction  ; this  again  produces  a third  cell,  &c., 
■whilst  at  the  extremity  a little  knot  or  head  is  formed,  also 
consisting  of  a single  cell,  in  which  the  real  secretion  takes 
place.  This  secretion  may  be  called  a change,  effected  in  a 
small  group  of  the  general  constituents  of  a plant,  on  its  being 
exposed  to  the  air  within  a single  vesicle.  The  body  secreted 
is  an  ethereal  oil,  and  in  some  cases  it  contains  other  ingre- 
dients also,  such  as  coloured  substances.  The  latter  may, 
however,  be  products  of  oxidation  of  the  real  secretion,  which 
is  separated  from  the  air  only  by  a thin  cellular  wall.  This 
is  the  cause  of  their  colour  being  red,  blue,  yellow,  or  grey. 
Sometimes  these  stipitated  glands  contain  watery  fluids,  es- 
pecially when  they  are  present  in  great  numbers.  In  this 
case  they  serve  to  enlarge  the  surface  of  the  plant,  and  thus 
to  promote  the  evaporation  of  the  water.  Glands  of  this  kind 
are  found  in  some  species  of  Chenopodium  ; they  assist  con- 
siderably in  the  acceleration  of  the  growth.  But  such  glands 
do  not  belong  to  the  true  organs  of  secretion  in  plants,  that  is, 
not  to  those  organs  by  which  substances  are  prepared  or  se- 
creted, different  from  those  existing  in  the  plant  itself 

When  viewed  in  this  light,  therefore,  we  cannot  accede  to 
the  idea,  now  generally  adopted,  that  the  hairs  of  plants  are 
all  organs  of  secretion,  when  they  contain  watery  fluids,  and 
serve  for  the  evaporation  of  water,  and  thus  for  the  pro- 
motion of  the  growth  (there  being  in  the  same  manner  pro- 
cured a greater  opportunity  to  the  ascent  of  new  nutritious 
liquids) ; they  are  not  to  be  called  glands  or  secreting  organs, 
but  ought  to  be  classed  with  the  epidermis-cells  in  point  of 
function.  A bladder  filled  with  water,  which  passes  through 
its  walls  and  evaporates  from  the  surface,  cannot  be  called  an 
organ  of  secretion. 
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In  many  kin  da  of  hairs,  however,  we  must  admit  that  a true 
secretion  takes  placa  Of  some  the  heads  or  extremities  are 
filled  with  ethereal  oils,  which  are  tranq>ire<l  through  the 
walls,  and  are  attached  to  them  either  in  the  form  of  drops  or 
of  a resin,  produced  by  oxidation, — as,  for  instance,  in  Cuphea 
selenoidea 

Besides  these  simple  glands,  there  are  also  compound  ones- 
being  those  which  are  fixed,  by  means  of  little  ftalkt,  upon 
two,  three,  or  more  cells,  developed  from  each  other  and  joined 
together.  Tho.se  fixed  upon  two  cells  thus  conjoined  occur 
very  frequently.  They  perform  the  same  function  as  the 
simple  glands,  above  referred  to. 

The  name  of  sessile  glands,  olandulcc  millares.  is  given  by 
Meyen  to  those  organs  which  are  generally  indicated  by  the 
name  of  Stomata,  and  exist  at  the  surface  of  the  leaves.  Ac- 
cording to  him,  they  are  small,  sessile  glands,  situated  in  the 
apertures  of  the  epidermis,  which  they  close.  They  consist 
of  two  cells,  of  a half-moon  shajre,  having  their  concave  sides 
directed  towards  each  other.  Thus  they  have  an  oval  ap- 
pearance, and  are  as  such  enclosed  between  the  cells  of  the 
epidermis.  These  two  cells  leave  between  them  a roundish 
cleft-like  opening,  which  has  given  rise  to  their  name  of  sto- 
mata. These  slits  or  clefts  are  sometimes  closed,  sometimes 
open ; often  the  appearance  is  different  in  the  same  plant 
each  time  that  they  are  examined.  Their  opening  and  closing, 
therefore,  does  not  seem  to  depend  upon  general  causes,  but 
upon  circumstances  of  which  we  know  nothing. 

According  to  Link,  these  two  organs,  placed  on  either  side 
of  the  cleft,  serve  chiefly  for  the  evaporation  of  water.  If  this 
be  the  case,  they  also  ought  not  to  be  called  organs  of  secretion, 
and  are  not  really  different  from  any  cell  that  is  placed  at 
the  surface  of  parts  filled  with  liquid.  Sometimes,  however, 
these  little  organs  are  actually  covered  with  a peculiar  sub- 
stance, and  in  these  cases  their  function  is  un(|uestionably 
one  of  secretion.  In  some  species  of  aloe,  for  instance,  the 
entire  opening  is  sometinics  filled  with  resin  (Meyen*). 

* On  the  Stomatee  may  be  conenltcd  the  DiuerUtion  of  Krocher  - Oe  Pit*- 
UTum  £pidermidc.  VratUlevisD  1833. 
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These  stomata  are  very  different  in  different  plants.  In 
cellular  plants  they  occur  very  rarely,  but  they  exist  in  most 
of  the  vascular  plants.  They  are  present  in  all  the  mono- 
and  dicotyledonous  plants,  except  in  those  that  live  under 
water.  They  are  found  chiefly  in  the  leaves,  often  in  the 
stem,  but  never  in  the  root.  They  occur  most  abundantly  on 
the  under  surface  of  the  leaves  ; in  some  plants  tliey  exist  on 
both  surfaces,  but  very  seldom  on  the  upper  surface  alone 
(Rudolphi)*.  Through  them  the  air  cavities  fcapjtofM 
rationm^  communicate  with  the  atmosphere. 

Those  organs  which  are  commonly  distinguished  by  the 
name  of  organs  of  secretion  belong,  without  doubt,  to  the 
class  of  compound  gland.s.  They  consist  of  an  agglomeration 
of  cells,  are  either  sessile  or  stipate,  and  sometimes  both  kinds 
occur  on  the  same  plant.  They  either  protrude  beyond  the 
surface  or  remain  concealed  below  it  Instances  of  the  for- 
mer kind  may  be  found  on  the  under  surface  of  the  leaves  of 
Ilumulus  lupulus  ; of  the  latter  in  those  of  Dictamnus  albusi 
Sometimes  they>are  hollow  internally,  and  are  then  filled 
with  a peculiar  fluid ; — for  instance,  with  an  ethereal  oiL 
Sometimes  they  differ  m different  parts  of  the  same  plant,  as 
in  Dictamnus  albus.  This  may  in  several  cases  account  for  a 
difference  in  the  ethereal  oil  secreted  by  them.  When  a plant, 
on  being  subjected  to  distillation,  yields  a mixture  of  diffe- 
rent oils, — which  frequently  happens, — this  may  perhaps  be 
caused  by  a differeuce  in  the  glands  on  different  parts  of  the 
same  plant.  The  walls  of  the  cells  of  these  glands  are  some- 
times so  thick  that  the  oil  cannot  evaporate  through  them, 
unless  the  walls  are  forcibly  rent.  They  may  also  be  covered 
with  epidermic  cells,  and  thus  evaporation  be  impeded. 

There  is  another  kind  of  organs  belonging  to  this  same 
class,  viz.,  those  which  are  known  to  contain  acrid  and  in- 
flammatory substances,  which  they  discharge  as  soon  as  they 
are  touched.  Such  organs  are  found,  for  instance,  in  the 
nettles,  Urtica  urens,  and  U.  dioica.  A mass  of  cells  protrudes 
from  the  surface.  This  mass  passes  into  a conical  hair,  which 

• Anatomic  dot  Pflauien,  Berlin,  1807.  B.  73. 
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is  probably  the  true  organ  by  which  this  acrid  substance  is 
secreted.  According  to  Mcyen,  the  hairs  of  Urtica  nivea,  a 
nettle  which  does  not  emit  any  inflammatory  substance,  are 
united  with  the  underlying  cellular  mass  in  an  entirely  diffe- 
rent manner,  and  this  species  is  devoid  of  a certain  peculiar 
layer  of  cells  in  the  bulb  of  the  hair,  which  is  present  in  the 
stinging  nettles.  In  this  hair  the  stinging  substance  is  accu- 
mulated, which  it  gives  out  on  being  broken  by  the  touch. 
The  smaller  hairs  of  Urtica  urens,  when  touched  by  the  skin, 
cause  far  less  stinging,  and  consequently  the  liquid  they  con- 
tain is  either  of  a different  nature  or  more  diluted  than  the 
former. 

Besides  the  organs  of  secretion  already  mentioned,  plants 
contain  several  others  of  various  structure  ; but  those  here 
treated  of  may  suffice  for  our  purpose.  What  we  have  stat- 
ed before  regarding  the  manner  in  which  the  internal  glands 
produce  their  peculiar  substances,  is  also  applicable  to  the  ex- 
ternal glands. 

Among  the  secreting  organs  of  plants,  the  nectaries  are  very 
remarkable.  It  is  a fact  of  peculiar  interest,  that  on  those 
parts  of  flowers  in  which  a saccharine  matter  is  secreted,  wc 
do  not  always  find  any  special  series  of  cells  to  effect  this  se- 
cretion. In  those  cases  this  substance  transpires  through  the 
walls  of  underlying  cells,  in  the  same  manner  as  happens  in 
the  broctate  of  buds,  fur  there  also  the  resinous  substance 
which  they  yield  is  not  produced  by  peculiar  organs,  but 
exudes  through  the  walls  of  the  cells.  These  instances  show 
most  clearly,  that  a change  takes  place  within  the  comtenU 
of  the  cell  itself,  the  new  product  being  simply  transmitted, 
and  that  the  wails  of  the  cells  have  no  influence  upon  this 
secretion. 

The  true  nectaries  consist,  according  to  Meycn,  of  nothing 
but  cells  ; and  in  Mirbel’s  opinion,  the  spiral  vessels  are  here 
without  any  influence.  They  are  frequently  situated  at  the 
foot  of  the  flower,  are  sometimes  of  very  large  size,  and  give 
out  the  secreted  substances  through  the  walls  of  the  exterior 
cells.  The  appearance  of  the  cells  of  these  oi^os  is  some- 
times different  from  that  of  tlie  other  cell-s,  being,  for  instance. 
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very  small  in  Fritillaria  imperialis  ; in  most  cases,  however, 
no  difference  can  be  perceived.  The  sugar  they  contain  is 
grape  sugar.  It  is  sometimes  found  crystallised  in  the  necta- 
ries, but  it  is  mixed  with  other  substances,  such  as  resins, 
wax,  ethereal  oils,  poisonous  matter,  &c.  Tlie  honey  which 
bees  collect  from  plants  containing  tliose  last  named,  may 
thus  become  poisonous  too.  The  secretion  of  the  nectar  is 
connected  with  the  time  of  flowering. 

In  a great  many  plants,  we  fiiid  on  the  surface  transpired 
substances,  without  any  perceptible  organ  being  present  by 
which  these  substances  have  been  produced.  They  merely 
pass  by  transpiration  through  the  walls  of  the  exterior  cells, 
and  may  be  very  different  in  different  plants  or  parts  of 
plants.  On  a great  many  fruits,  such  as  grapes  and  plums, 
we  perceive  a kind  of  dew  or  waxy  covering.  We  find  this 
in  great  quantity  on  the  fruits  of  Musa  paradisiaca,  on  the 
leaves  of  the  various  kinds  of  Mesembryanthemum,  and  es- 
pecially on  the  fruit  of  Myrica  cerifera.  This  dew  is  wax. 

On  the  surface  of  a great  number  of  Algae  and  Conferves 
a mucilaginous  substance  collects,  which  Mold*  classes  with 
those  substances  that,  according  to  him,  are  found  between 
the  cells  of  many  phanerogams.  He  calls  this  inter-cellular 
matter,  but  Meyen  considers  it  a secretion,  intended  to  pro- 
tect fresh  water  conferves  against  the  action  of  the  water, 
as  a great  number  of  fishes  are  protected  by  a mucous  en- 
velope. 

The  rule  formerly  mentioned  applies  to  all  these  secreting 
organs,  viz.,  that  it  is  not  through  their  walls,  but  by  their 
form,  position,  &c.,  that  they  withdraw  parts  of  the  surround- 
ing saps  from  the  peneral  causes  of  change,  exposing  them  to 
tpteial  agencies.  The  contents  of  a small  group  of  very  small 
or  very  large  cells,  of  one  placed  close  to  or  far  from  the  sur- 
face, must  necessarily  be  diflerent  from  the  contents 

of  the  cells  in  the  jdant. 

We  must  regret  that  wo  cannot  as  yet  give  any  further 


• ErUntcran^n  ineincr  An>kht  von  (tor  Stmetu?  dor  rflanzenfuhKtnnz. 
Tubingen,  1838. 
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information  on  this  point.  We  cannot  as  yet  on  this  princi- 
ple explain  the  particular  functions  of  a single  secreting  organ. 
But  this  we  may  consider  as  established,  that  the  products  of 
these  organs  of  secretion  are  formed  from  the  general  saps  of 
plants,  by  their  being  withdrawn  from  the  general  causes  of 
change  of  materials,  and  then  undergoing  changes  peculiar  to 
themselves,  of  which  in  most  cases  products  of  de-oxidation 
are  the  results. 


I.  On  the  Gate*  found  in  Plant*. 

In  plants  we  find  many  parts  that  are  Ailed  with  gases. 
It  would,  however,  be  incorrect  to  consider  all  these  parts  as 
organs,  serving  for  the  reception  of  gases  secreted,  for  this  sim- 
ple reason,  that  any  space  in  plants  which  is  left  empty  of 
watery  liquid  must  necessarily  be  filled  with  atmospheric  air, 
and  consequently  no  really  empty  places  can  exist  in  plants. 
It  would,  therefore,  be  a far  too  general  conclusion,  if  we  con- 
sidered those  organs  in  plants  which  arc  filled  with  air,  as 
peculiarly  intended  for  that  function. 

It  is  well  known,  for  instance,  that  the  pith  of  old  stems 
or  branches  is  originally  very  juicy,  and  becomes  afterwards 
completely  filled  with  air,  simply  because  the  liquid  of  these 
cells  has  been  used  up,  and  the  cells  having  thus  become 
empty,  are  filled  again  from  the  surrounding  atmospheric  air. 
The  same  is  the  case  with  the  cells  of  the  epidermis  of  the 
leaves,  whilst  the  hairs,  which  are  produced  at  the  surface,  are 
from  the  beginning  void  of  sap  and  full  of  air. 

It  is  difficult  to  acquire  certain  knowledge  as  to  what 
organs  in  plants  serve  for  the  secretion  of  air,  and  equally 
difficult  to  determine  the  nature  of  the  gases  that  are  found 
in  these  cavities. 

Plants  contain  two  different  kinds  of  organs,  filled  with 
gases,  viz.,  air-cavitie»  and  air-canaU.*  The  former  arise 
from  the  destruction  of  the  cellular  tissue,  the  latter  from  the 

• Meyon,  Ueber  dio  Socrctioas-Organe  dcr  Berlin,  1S37. 
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disjunction  of  rows  of  cells.  The  former  occur  very  generally, 
and  are  formed  as  the  plants  increase  in  age.  They  fre- 
quently pass  through  entire  parts  of  plants,  and  are  not  in 
direct  communication  with  the  external  air,  but  on  the  con- 
trary, almost  always  secluded  from  it  Consequently,  they 
do  not  take  part  in  that  function  of  plants  which  consists 
in  the  secretion  of  air,  and  may  be  considered  entirely  pas- 
sive under  the  influence  of  the  atmosphere.  Such  passive 
air-containing  organs  are  also  the  vesicular  air-bags  that  are 
found  in  Sargassum  Columbi,  Fucus  vesiculosus,  and  other 
plants.  These  cavities  must  not  be  confounded  with  the  real 
air-canals  ; and  from  the  air  in  these  cavities  we  cannot  draw 
any  inference  as  to  the  nature  of  the  gases  contained  in  the 
latter. 

The  following  experiments  have  been  made  with  air  from 
air-cavitiea 

Calvert  and  Ferrand  (AnnaL  de  Chim.  et  de  Phys.  Aout. 
1844,  p.  477,  and  Journ.  de  Pharm.  et  de  Chim.,  Juin  1844, 
p.  433)  have  examined  the  gases  that  are  found  in  plants, 
marking  at  the  same  time  the  different  organs  from  which 
these  gases  were  collected.  They  have  justly  rejected  such 
experiments  as  were  made  with  parts  separated  from  the 
parent  plant,  and  placed  under  bell-jars ; because  in  this  man- 
ner violence  is  done  to  the  nature  of  the  plant,  and  from  the 
results  thus  obtained  no  conclusions  can  be  drawn  as  to  what 
actually  takes  place  in  the  living  plant.  They,  with  equal 
justice,  pronounce  4he  same  opinion  upon  experiments  that 
have  been  made  with  entire  plants  under  bell-jars,  because 
the  air  in  the  jar  is  soon  saturated  with  watery  vapour,  by 
which  the  perspiration  of  the  plant  becomes  utterly  impossi- 
ble, and  thus  a disturbance  may  take  place  in  other  func- 
tions. A similar  failure  may  be  expected  when  plants  are 
enclosed  under  bell-jars  with  too  great  a quantity  of  carbonic 
acid  or  oxygen.  In  a word,  it  is  necessary  to  study  the  func- 
tions of  plants  and  animals  by  means  of  observations,  and  to 
abstain  as  much  as  possible  from  experiment. 

Since  the  correctness  of  this  opinion  cannot  be  denied,  a 
great  many  experiments,  upon  the  inspiration  and  expira- 
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tion,  tlie  evaporation,  &c.,  of  j lants,  on  lihich,  till  recently, 
many  theories  in  vegetable  physiology  had  I cen  established, 
must  fall  to  the  ground.  The  experiments,  therefore,  of 
Calvert  and  Ferrand,  were  exceedingly  acceptable  Tliey 
have  investigated  the  subject  in  question  on  the  plant  itself, 
in  its  natural  condition. 

The  experiments  made  by  de  Saussure  had  induced  many 
to  consider  it  as  a fact,  that  green  parts,  when  exposed  to 
the  air,  inhaled  oxygen,  and  exhaled  carbonic  acid,  and  rirs 
tersa,  in  conformity  with  the  alternations  of  day  and  night. 
The  oxygen  inhaled  is  converted  into  carbonic  acid,  which 
is  decomposed  in  some  other  part,  and  the  oxygen  of  it 
given  off  by  expiration.  But  this  decomposition  may  be 
either  complete  or  partial,  and  this  is  the  reason  why  plants 
give  off,  by  respiration,  a mixture  of  oxygen  and  carbonic 
acid.  De  Saussure  observed  in  Cactus  opuntia  an  inhalation 
of  oxygen  during  the  night,  and  an  exhalation  of  oxygen 
during  the  day.  (Recherches  Chimiques  sur  la  V^jetation, 
pp.  66  and  82.) 

B<5rard,  on  the  contrary,  found  that  fruits,  placed  under 
hell-jars,  always  gave  off  carbonic  acid,  both  in  the  light  and 
in  the  dark. 

These  points  were  first  tested  by  Calvert  and  Ferrand. 
They  first  examined  the  air  contained  in  the  legumes  of 
Colutea  arborescena  According  to  Berard,  the  pericarp  of 
these  pods  is  completely  penetrable  to  the  air,  and  that  con- 
tained in  them  consi.sts  of  the  same  constiKientsos  atnios]>he- 
ric  air.  Calvert  and  Ferrand,  however,  found  that  this  was 
not  the  ca.se  ; that  at  night  the  air  in  the  [mds  contained  a 
maximum  of  carbunic  acid,  and  tliat  from  five  o’clock  in  the 
afternoon  till  eleven  at  night,  the  quantity  of  carlwuic  acid 
had  risen  by  1.5  per  tent ; that  it  then  continued  rising  until 
the  first  rays  of  the  sun  appeared,  which  caused  a gradual 
decrease  of  this  gas. 

The  pods  were  sej  arated  from  the  plant  at  the  moment 
they  were  to  be  examined ; they  were  then  finely  divided 
under  mercury,  and  the  air  contained  in  them  was  collected. 
They  had  at  their  disposal  pods  of  dill'crent  degrees  of  matu- 
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rity,  selected  on  clear  and  cloudy  days,  and  made  their  expe- 
riments at  seven  o’clock  in  the  morning,  at  twelve,  at  four  in 
the  afternoon,  and  at  eleven  at  night ; the  experiments  were 
carried  on  from  the  10th  July  till  the  end  of  September.  As 
these  pods  require  a month  to  ripen,  and  this  period  fell 
within  that  of  their  experiments,  they  examined  them  suc- 
cessively at  the  age  of  one  week,  of  a fortnight,  of  three 
weeks,  the  latter  being  fully  developed,  but  still  green,  and 
finally  after  they  were  transparent,  almost  dry,  and  the  seeds 
coloured.  The  gases  collected  were  dried  and  measured  ; the 
carbonic  acid  was  removed  by  potash,  and  the  quantity  of 
oxygen  determined  by  a eudiometer  with  hj'drogen.  The 
results  were  as  follow  : — 

Pods  of  intermediate  age. 

Hours.  Time  of  the  day.  Oxygen  in  100  Carbonic  acid  in  Oxygen  and 
measures.  100  measures.  carbonic  acid 

together. 

11  night,  20-496  2746  23.242 

7 morning,  cloudy,  20’673  2'618  23'291 

12  forenoon,  do.,  20908  2 429  23'387 

4 afternoon,  do.,  20  901  2 432  23  338 

7 morning, sunshine,  21086  1 903  22  989 

12  forenoon,  do,  21-293  1 419  22712 

4 afternoon,  do.,  2 1 1 73  1 438  22-611 

Young  pods. 

11  night,  20-583  2.639  23222 

7 morning,  cloudy,  20  626  2 605  23  231 

12  forenoon,  do.,  20  766  2 446  23  212 

4 afternoon,  do.,  20  743  2 475  23  218 

7 morning,  sunshine,  20  8 1 1 1 934  22  778 

12  forenoon,  do.,  21032  1 762  22  794 

4 afternoon,  do.,  21  246  2 098  23  344 

Old  pods. 

11  night,  19  297  2942  23239 

7 morning,  cloudy,  20166  2 609  22  775 

12  forcnqgn,  do.,  20  620  2 461  23087 

4 afternoon,  do.,  20  595  2 475  23070 
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Old  pods. 


Hours.  Time  of  the  day.  Oxygen  In  100  Carbonic  acid  in 

measures.  1 00  measures. 


7 morning,  sunshine,  21  139  2 316 

12  forenoon,  do.,  2r216  2106 

4 afternoon,  do.,  20  676  2107 


Oxygen  and 
carbonic  add 
together. 

23455 
23242 
22  783 


It  appears  from  these  experiments,  1 st,  that  the  air  in  these 
pods  is  much  richer  in  carbonic  acid  than  atmospheric  air. 

2d.  That  the  quantity  of  carbonic  acid  is  much  greater  at 
night  than  during  the  day. 

3d.  That  both  the  intensity  and  the  duration  of  the  light 
cause  a diminution  in  the  quantity  of  carbonic  aci<i 

4th.  That  the  decrease  in  the  quantity  of  carbonic  acid, 
through  the  influence  of  light,  is  closely  connected  with  the 
power  of  vegetation. 

5th.  That  the  quantity  of  oxygen  increases  with  the  de- 
crease,  that  is,  the  decomposition  of  the  carbonic  acid,  from 
which  it  follows  that  the  increase  of  oxygen  may  be  derived 
directly  from  the  carbonic  acid  decomposed. 

6th.  That  the  carbonic  acid  present  almost  always  displaces 
nitrogen. 

These  experiments,  therefore,  have  shown  that  plants  de- 
compose carbonic  acid,  even  without  the  direct  influence  of 
the  sun  ; that  this  decomposition  commences  with  the  dawn, 
and  continues  throughout  the  day. 

In  exactly  the  same  manner  they  made  another  set  of  ex- 
periments with  parts  of  plants,  in  which  the  air  was  con- 
tained in  cavities.  Here,  also,  the  experiments  were  made  at 
the  nioment  that  the  parts  were  taken  fresh  from  the  young 
plant 

Heraclcum  sphondylium.  No.  1. 

Angelica  archangelica.  No.  2. 

Ricinus  communis,  No.  3. 

Dahlia  variabilis.  No.  4. 

Arundo  donax,  No.  5. 

Leicesteria  formosa.  No.  6.  , 

Sonchus  vulgaris,  No.  7. 


Digitized  by  Google 


VEGETABLE  AND  ANIMAL  PHYSIOLOGY. 


7Cu 


Carbonic  acid  in  volume.  Oxygen  in  volume 
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According  to  these  experiments,  the  air  present  in  the 
stalks  of  the  plants  is  of  a peculiar  nature,  containing  a large 
quantity  of  carbonic  acid,  and  much  less  oxygen  than  atmo- 
spheric air.  The  quantity  of  carbonic  acid  is  larger  at  night 
than  during  the  day,  but  the  difference  is  smaller  than  in  the 
pods.  The  quantity  of  oxygen  also  increases  at  night,  which 
is  contrary  to  what  was  found  in  the  pods. 

Calvert  and  Ferrand  have  further  examined  the  air  within 
plants  for  free  ammonia,  which  they  have  actually  discover- 
ed. They  determined  it  quantitatively  by  chloride  of  plati- 
num, throwing  it  down  as  platino  chloride  of  ammonium. 
Leicestcrca  formosa,  Arundo  donax,  Ricinus  communis,  Phy- 
toUacca  decandra,  and  pods  of  Colutca  arborescens,  all 
yielded  more  ammonia  in  the  day  than  at  night  From 
quantities  of  1170  cub.  cent,  for  instance,  they  obtained  10 
milligr.  of  the  platinum  salt  I shall  not,  however,  quote 
these  results,  because,  from  the  nature  of  the  experiments, 
they  cannot  possibly  have  been  correct. 

The  kinds  of  air  here  mentioned  are,  therefore,  different 
from  atmospheric  air.  As  to  the  origin  of  this  gaseous  mix- 
ture, it  follows  most  clearly  from  the  above  experiments,  that 
it  has  simply  been  derived  from  atmospheric  air,  which  cither 
entered  into  the  plant  along  with  the  water  from  the  soil,  or 
passed  through  parts  of  the  j)lant,  previously  filled  with 
sap  which  had  been  lost  by  evaporation.  This  air,  entering 
into  the  empty  space,  has  probably  filled  the  empty  medul- 
lary cells  or  cavities.  The  small  quantity  of  carbonic  acid 
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present  in  the  latter, — though  greater  than  the  projwrtion 
contained  in  the  atmospheric  air, — is  to  be  traced  to  the  car- 
bonic acid,  wliich  exists  in  the  saps  of  all  plants. 

It  requires  no  argument  to  show  that  this  air,  confined  iu 
cavities,  has  nothing  to  do  with  the  sep.aration  of  oxygen  or 
nitrogen,  or  the  absorption  of  carbonic  acid  by  plants. 

Entirely  dWferent  are  the  air-channels  or  pas.sages,  which 
are  regular  in  form,  and  appear  to  belong  to  the  active  air- 
holdera  Formerly  the  spiral  vessels  were  considered  as  the 
true  air-channels  of  plants,  and  it  was  even  thought,  that  a 
direct  communication  had  been  found  between  these  and  the 
stomata  It  has  appeared,  however,  that  the  spiral  vessels, 
although  containing  air,  sometime  after  their  formation,  are 
not  the  parts  which  establish  a direct  communication  between 
the  interior  of  the  plant  and  the  atmosphere.  The  active 
air-channels  are  columnar,  often  sharp-edged,  and  contain  par- 
titions at  certain  distances,  which,  like  the  walls,  are  com- 
posed of  cells.  Sometimes  these  channels  are  very  long  and 
without  partitions  ; and  they  are  separated  from  each  other 
by  one,  or  sometimes  by  several  rows  of  cells. 

These  air-channels  communicate  with  the  atmosphere  by 
means  of  the  stomata  The  cells  of  the  epidennis,  and  espe- 
cially the  cuticle,  impede  the  connection  of  the  saps  with  the 
atmosphere.  Diffusion  of  gases  must  take  place  through  po- 
rous bodies,  which  may  be  either  dry  or  moist ; it  is  effected 
very  powerfully  through  a layer  of  gv  p.sum,  or  some  animal 
membrane.  But  this  diffusion  is  very  much  impeded  by  the 
cuticle,  owing  to  its  being  penetrated  with  wax. 

But  whilst  the  atmospheric  air  enters  through  the  stomata, 
and  spreads  through  the  air-channels,  it  is  only  .separated 
from  the  contents  of  the  cells  adjoining  these  channels  by 
thin  membranes  of  cellulose,  and  thus  ample  opj,ortunity 
is  afforded  for  a diffusion  of  gases.  The  separation  of  oxy- 
gen and  nitrogen  is  caused  by  a change  of  materials  in 
the  contents  of  the  cells,  and  not  by  organs  or  cellular  walla 
This  change  of  materials  occurs  in  many  parts  of  the  plant, 
and  both  the  secreted  gases  and  the  absorbed  carbonic  acid, 
which  is  also  decomposed  in  several  parts  of  the  plant,  must, 


Digitized  by  Google 


VEGETABLE  ASl)  ANIMAL  PlIYSIOL.'tGV. 


769 


therefore,  frequently  travel  a long  way,  either  in  the  form  of 
gas,  or  dissolved  in  the  watery  sap,  before  they  reach  the 
spot  where  the  carbonic  acid  is  decomposed,  and  the  other 
gases  can  be  discharged  into  the  atmosphere.  In  the  air- 
channels  mentioned  above,  the  gases  are  exchanged  accord- 
ing to  the  laws  of  diffusion.  In  one  place,  nitrogen  when 
liberated  is  exchanged  for  carbonic  acid,;  in  another,  the  latter 
gas  exchanges  with  o.cygcn  ; and  whilst,  therefore,  carbonic 
acid  enters,  the  final  result  is  the  emission  of  oxygen  and  ni- 
trogen from  the  plant. 

K.  On  the  Absorption  of  Carbonic  Acid,  and  the  Emission  of 
Gases  b<j  Plants. 

The  connection  of  plants  with  the  atinosjihere  is  as  im- 
portant as  their  connection  with  the  soil  It  would  appear 
that  they  derive  the  largest  quantity  of  their  materials  from 
the  atmosphere,  but  that  their  most  important  constituents 
are  derived  from  the  soil 

A respiration  has  been  ascribed  to  plants,  like  that  which 
. takes  place  in  animals.  In  the  absence  of  lungs  there  can 
be  no  breath,  and  no  breathing  or  respiration,  therefore,  can 
take  place. 

But  it  is  certain,  that  plants  take  much  from,  and  yield 
much  to,  the  air.  They  chiefly  yield  oxygen,  and  absorb 
carbonic  acid.  These  phenomena,  to  which  so  many  philo- 
sophers have  directed  their  attention,  have  special  claims  up- 
on our  consideration.  They  are  not  directly  related  to  each 
other.  The  absorption  of  carbonic  acid  takes  place  according 
to  the  law  of  the  diffusion  of  gases  ; whilst  the  excretion  of 
oxygen  is  the  result  of  a chemical  change  of  the  constituents, 
which  is  characterised  by  the  production  of  solid  or  liquid 
substances,  containing  little  oxygen. 

Of  the  secretion  of  oxygen  w e have  treated  before  in  the 
chapter  on  the  conversion  of  vegetable  substances ; but  we 
will  here  say  something  about  its  excretioa  It  comes  out 
through  the  stomata,  and  it  is  therefore  derived  from  sub- 
stances in  the  contents  of  the  cells,  placed  beneath  the 
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surface.  The  epidermis  contributes- nothing  to  tliis  excretion, 
for  Senebier  found  that  leaves,  from  which  the  epidermis  had 
been  removed,  yielded  as  much  oxygen  as  others  with  the 
epidermis.  Consequently,  the  stomata  are  only  the  places 
through  -which  the  liberated  oxygen  is  emitted.  When  they 
are  not  present,  this  gas  may  escape  through  the  entire  sur- 
face of  the  part.  But  its  excretion  is  prevented  by  a cuticle 
thickened  with  wax. 

The  idea  that  the  e.xcretion  of  the  oxygen  dej>ends  on  the 
surface,  and  not  on  the  ma.ss  of  the  leaves  (de  Saussure,  Rech. 
p.  57),  has  tended  very  much  to  perplex  our  conceptions  re- 
garding tlie  real  character  of  this  excretion.  There  is  no 
relation  between  the  surface  of  a plant  and  the  amount  of 
oxygen  liberated. 

This  liberation  depends  on  the  number  of  molecules  which 
are  in  a state  of  de-oxidation,  and,  therefore,  it  is  in  direct 
ratio  to  the  mass  of  the  leaves.  But  the  light,  whilst  shining 
upon  the  surface,  does  not  penetrate  deep  through  the  sur- 
face of  fleshy  leaves,  and  hence  the  excretion  of  oxygen  de- 
pends on  the  influence  of  the  light,  inasmuch  as  light  is  a 
chief  requisite  for  the  production  of  those  substances  in  plants 
which  contain  little  oxygen. 

The  excretion  of  oxygen,  therefore,  is  regulated  more  by 
the  surface,  than  by  the  mass  of  the  leaves — not  because  the 
surface  contains  active  and  secreting  organs,  working  in  some 
mysterious  manner — but  because  the  influence  of  light,  in 
producing  these  molecular  changes,  acts  in  proportion  to  the 
extent  of  surface.  If  it  were  possible,  for  instance,  to  ar- 
range in  one  plane,  all  the  layers  of  cells  of  a leaf,  in  which 
fifty  such  layers  are  packed  upon  one  another, — in  which 
way  the  surface  of  the  leaf  would  become  fifty  times  greater, 
— then  the  substances  contained  in  these  membranaceous 
bags,  would  probably  have  reached  their  maximum  of  oxy- 
gen in  a fiftieth  part  of  the  usual  time,  and  in  the  same  {pe- 
riod, have  yielded  their  maximum  of  oxygen. 

Some  of  the  substances  that  arc  present  in  plants  possess 
not  only  a tendency  to  lose  oxygen,  but  also  the  power  of 
transferring  that  tendency  to  other  substances,  even  to  the 
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carbonic  acid  which  is  introduced  into  the  air-channels 
through  the  stomata.  This  carbonic  acid,  of  which  the  cons- 
tituents are  finnly  united  together,  is,  under  these  influences, 
either  decomposed  by  itself,  or  its  component  parts  combine 
at  the  same  time  with  other  substances  in  the  cells.  This 
subject  has  been  considered  before.  It  may  suflice  here  to 
point  out  the  entire  want  of  connection  between  the  absorp- 
tion of  carbonic  acid  and  the  excretion  of  oxygen,  except  in 
so  far  that  the  decomposition  of  carbonic  acid  and  the  sepa- 
ration of  oxygen  from  it  gives  successively  a new  opportunity 
to  absorb  more  carbonic  acid. 

All  experiments  made  to  prove  the  absorption  of  carbonic 
acid  and  its  decomposition  in  plants,  must  always  labour 
under  the  following  difficulties. 

Every  conversion  of  oxygenised  into  de-oxidised  substances, 
which  is  regularly  going  on  in  healthy  plants, — for  instance 
that  of  starch  into  B.  chlorophyle  (p.  289), — is  attended  by 
a disengagement  of  oxygen. 

This  excretion,  which  is  in  some  respect  independent  of  the 
gases  with  which  the  plant  is  surrounded,  must  cause  an 
increase  of  the  quantity  of  oxygen  in  the  atmosphere  in 
which  the  experiment  is  performed,  and  thus  the  accuracy  of 
the  observation  must  be  considerably  affected. 

When  the  artificial  atmosphere  contains  a large  quantity 
of  carbonic  acid,  this  will  rapidly  saturate  all  the  saps  and 
moist  parts  of  the  plant,  before  the  plant  itself  has  any  ac- 
tive share  in  this  phenomenon.  Every  cubic  inch  of  sap  ab- 
sorbs about  a cubic  inch  of  carbonic  acid,  simply  because 
the  sap  is  a watery  liquid.  The  decrease  in  the  quantity  of 
carbonic  acid,  therefore,  may  also  be  owing  to  other  causes 
besides  the  decomposition  effected  by  the  plant, 

Finally,  when  the  plant  contains  oxidisable  substances, — 
for  instance,  ethereal  oils,  which  can  be  converted  into  resins, 
— this  is  a source  of  diminution  in  the  quantity  of  the  sur- 
rounding or  disengaged  oxygen.  This  must  give  rise  to  new 
errors  in  the  determination  of  the  carbonic  acid  absorbed 
and  the  oxygen  given  off. 

The  reason  why  I bring  the  difficulties  attending  experi- 
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ments  of  this  kind  so  prominently  forward,  is  that  we  may 
be  able  not  only  to  account  for  the  uncertain  opinions  giren 
by  former  observers  upon  this  well  known  phenomenon,  but 
also  to  understand  the  cause  of  the  discrepancies  which 
must  always  attend  those  experiments,  when  made  with  dif- 
ferent plants  and  under  different  circumstances. 

It  would  be  beyond  my  purpose  to  enumerate  the  great 
number  of  experiments  that  have  been  made  to  prove  the 
absorption  of  carbonic  acid  by  the  leaves.  They  are  all 
mentioned  by  Van  Rees,  (Comment,  de  decompositione. 
Acidi  carbonic!  in  Vegetatione.  Traj.  ad  Rhenum,  1818,) — 
by  Meyen,  Phya,  II.  p.  144,  and  also  by  other  writera  This 
function  has  been  firmlyestablished  by  de  Saussure,Griscboud, 
and  others.  And  yet  these  observers  themselves,  and  others, 
even  till  very  recently,  have  published  so  many  singular 
facts  upon  this  subject,  and  so  manifestly  overlooked  the 
errors  to  which  their  observations  are  liable,  that  our  know- 
ledge on  this  point,  although  very  extensive,  possesses  but 
little  that  is  useful  I will  quote  one  or  two  instancea 

The  experiments  made  by  Schultz  and  communicated  in 
a letter  to  Flourens  (Journ.  de  Pharm.  et  de  Chemie,  Oct. 
1844,  p.  299),  which  are  intended  to  show  that  the  oxygen 
which  plants  give  off  is  the  result,  not  of  the  decomposi- 
tion of  carbonic  acid,  but  of  that  of  vegetable  acids,  viz. 
gallic,  malic,  lactic,  tartaric,  and  citric  acids,  appear  to  prove 
too  much.  If  it  be  a fact  that  plants,  when  placed  in  solu- 
tions of  these  acids,  yield  o.xygen  in  the  same  ratio  in  which 
the  quantity  of  acid  in  the  solution  diminishes,  this  cannot  by 
any  means  indicate  what  happens  in  the  natural  condition 
of  the  plant.  And  even  supposing  that  a vegetable  acid  is 
actually  decomposed  in  the  plant,  and  is  the  cause  of  the  se- 
paration of  oxygen, — other  substances  that  remain  behind 
being  formed  at  the  same  time, — the  question  still  is,  from 
what  substances  malic  and  tartaric  acids,  &&,  have  been  origi- 
nally produced  in  the  plant. 

These  experiments  of  Schultz,  therefore,  prove  nothing 
against  the  absorption  of  carbonic  acid,  nor  against  the  idea, 
that  carbonic  acid  is  a source  of  new'  substances  produced  in 
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the  plant,  which,  being  decomposed  in  their  turn,  must  at 
last  give  occasion  to  a disengagement  of  oxygen.  They  show, 
however,  what  was  already  known  from  the  history  of  humus, 
and  has  not  yet  been  disproved  by  a single  experiment, 
viz. : that  plants  can  absorb  solutions  both  of  organic  and 
inorganic  substances,  and  that  the  former  having  once  en- 
tered the  plant,  and  being  there  exposed  to  the  causes  of 
change  of  materials,  will  be  chemically  altered  in  such  a 
manner,  that  they  may  be  called  food  for  the  plant.* 

Hoffmann  (Ann.  der  Chemle  und  Pharmacie,  Februar 
1845.  S.  242)  has  published  some  experiments  on  the  disen- 
gagement of  carbonic  acid  by  various  plants.  He  placed 
them  recently  cut  in  a current  of  drj’  air  free  from  carbo- 
nic acid,  dried  the  air  given  off  by  the  plant,  and  then  pass- 
ed it  through  potash.  He  obtained  from  100  grins  of  the 
plants,  mentioned  below,  in  a moist  state,  and  after  100  mi- 
nutes, the  following  quantities  of  carbonic  acid  ; the  experi- 
ments were  made  in  the  autumn  and  in  daylight. 


Agaricus  detonsus. 

0.272  grms. 

Hypnum  repandum. 

0.032 

Agaricus  puniceus. 

0.015 

Russula  emetica. 

0.032 

Hypnum  triquetrum. 

0.210 

(Green  plant,  Moa) 

Hypnum  tamariscinum. 

0.087 

do.' 

Euphorbia  peplus. 

0.059 

Vascular  plant 

Urtica  urens. 

0.048 

do. 

Cichorium  endivia. 

0.023 

do. 

The  disengagement  of  carbonic  acid,  here  referred  to, 
proves  nothing  as  to  the  natural  function  of  the  plant  In 
a dry  current  of  air,  water  containing  carbonic  acid  must 
necessarily  evaporate  from  the  plant,  and  this  carbonic  acid 
must  be  absorbed  by  the  potash.  But  besides  this,  it  has 
been  proved  by  Calvert  and  Ferrand,  and  also  by  Draper,  that 
carbonic  acid  exists  in  plants  in  a gaseous  state. 

In  this  manner  a multitude  of  experiments  has  been  made 
on  the  disengagement  of  o.xygen  by  plants,  which  unfortu- 
nately are  of  no  value  to  science. 

* The  experiments  of  SehuUz  hare  been  conlradictod  by  many,  who  have 
centraeted  them  with  others. 
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The  following  are  among  those  which  apparently  fulfil  their 
purpose. 

Draper,  namely,  has  instituted  important  experiments  on 
the  influence  of  light  upon  the  decomposition  of  carbonic 
acid  by  plants  (Annales  de  Chimie  et  de  Physique,  Juin  1844, 
p.  214).  He  has  examined,  in  the  first  place,  how  far  the 
experiments  of  de  Saussure  and  Daubeny  were  correct,  who 
found  that  the  oxygen  given  off  by  plants  was  mixed  with 
nitrogen  ; and  in  the  second  place,  if  this  disengagement  is 
really  an  efiect  of  the  light  of  the  sun. 

The  results  obtained  by  Draper,  may  serve,  first,  to  show 
the  influence  of  rays  of  different  colours  on  the  phenome- 
non in  question.  They  are  of  great  importance  to  our 
knowledge  of  the  nature  of  light,  because  we  learn  from  them, 
that  the  leaves  of  plants  disengage  the  greatest  quantity  of 
gas  when  they  are  under  the  influence  of  the  yellow  and 
green  rays,  and  more  particularly  of  the  luminous,  not  of  the 
tithonic  or  calorific  rays.  But  passing  over  these  results,  it  is 
more  important  for  our  present  purpose  to  consider  what  he 
has  stated  of  the  disengagement  itself. 

He  placed  plants  in  water  free  from  atmospheric  air,  but 
containing  carbonic  acid,  and  thus  exposed  them  to  the  sun. 
Previous  to  this  he  had  kept  the  plants  themselves  in  another 
portion  of  water  with  carbonic  acid,  in  order  that  all  the  air 
enclosed  in  them  might  first  be  absorbed  by  the  water.  He 
thus  collected,  together  with  more  or  less  carbonic  acid  which 
he  found  mixed  with  the  disengaged  gas,  the  following  quan- 
tities of 

Oxygen  and  Nitrogen. 


Pinus  tffida. 

16.16 

8.34 

« (( 

27.16 

13.84 

<C  (C 

22.23 

21.67 

Poa  annua. 

90.00 

10.00 

U U 

77.90 

22.10 

In  every  instance,  therefore,  nitrogen  was  produced  along 
with  the  oxygen,  and  a certain  relation  seems  to  exist  be- 
tween the  quantities  of  these  two  gases.  The  substance 
which  he  employed  for  the  production  of  coloured  light,  for 
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Instance,  bi-chromate  of  potash,  had  no  influence  either  upon 
the  quantities  of  the  gases,  or  upon  the  ratio  between  the 
two. 

These  two  experiments,  therefore,  have  confirmed  the  con- 
clusion, which  was  long  ago  adopted  in  science  on  the  faith 
of  a number  of  old  experiments,  viz. : that  the  leaves  decom- 
pose carbonic  acid  and  give  off  oxygen.  It  is  worthy  of  spe- 
cial remark,  that  the  oxygen  was  mixed  with  so  large  a 
quantity  of  nitrogen.  If  the  latter  be  always  as  great,  it 
would  tend  completely  to  annul  -the  doctrine,  that  plants 
decompose  carbonic  acid  alone.  For  from  what  else  could 
this  large  quantity  of  nitrogen  have  been  derived,  than  from 
nitrogenous  substances,  simultaneously  decomposed  ? If  this 
nitrogen  had  come  from  atmospheric  air,  in  consequence  of 
Draper  not  having  freed  the  water  he  used  from  air,  the  re- 
sult would  be  totally  incomprehensible ; for  in  this  case  for 
every  21  parts  of  oxygen  79  of  nitrogen  ought  to  have  been 
produced,  setting  aside  the  oxygen  originating  from  the  de-  . 
composition  of  the  carbonic  acid. 

The  truth  of  this  result,  viz.,  that  along  with  carbonic  acid 
nitrogenous  substances  are  also  decomposed,  appears  most 
clearly  from  other  experiments  of  Draper,  made  on  the  de- 
composition of  carbonates. 

He  dissolved  alkaline  carbonates — both  neutral  and  bi-car- 
bonates— in  water  free  from  atmospheric  air,  and  after  hav- 
ing placed  leaves  in  this  solution,  he  observed  that  oxygen 
and  nitrogen  were  expelled,  and  consequently  that  the  car- 
bonates were  decomposed.  In  pure  water  no  gas  at  all  was 
disengaged. 

When  placed  in  the  dark,  the  solutions  of  carbonates  pro- 
duced no  gas,  any  more  than  water  containing  carbonic  acid. 
But  when  the  leaves  in  the  saline  solutions  were  exposed  to 
the  light,  the  disengagement  of  gas  immediately  commenced, 
and  the  gas  evolved  contained  a large  quantity  of  oxygen. 
He  could  not  perceive  any  difference  between  the  quantities 
of  gas  disengaged  from  a neutral  carbonate  and  a bi-carbo- 
nate, which  had  been  boiled  and  thus  converted  into  a sesqui; 
carlwnate.  Whenever,  therefore,  carbonates  arc  present  in 
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))lants  and  enter  into  the  leaves,  we  may  expect  their  decom- 
position in  the  same  manner  as  that  of  the  carbonic  acid, 
which  is  dissolved  in  the  sap — having  along  with  the  rain- 
water penetrated  into  the  roota  But  if  the  acid  of  a carbon- 
ate is  decomposed,  a quantity  of  base  must  be  set  free,  which 
may  then  unite  with  other  substances ; for  example,  either 
with  acids  newly  produced,  or  with  the  so-called  neutral  sub- 
stances, such  as  dextrin,  cellulose,  &c. 

The  same  results  were  obtained  by  means  of  sesqui-carbo- 
natc  of  ammonia.  The  gas  evolved  contained  90  per  cent, 
of  oxygen.  The  ammonia,  therefore,  is  not  here  decomposed, 
but  is  either  fixed  or  employed  for  other  purposes. 

The  influence,  therefore,  Avhich  the  light  of  the  sun,  both 
indirect  and  direct,  exercises  upon  the  parts  of  a plant,  con- 
sists in  the  decomposition  of  a nitrogenous  body  and  of  car- 
bonic acid,  the  latter  both  when  in  a free  state  and  when  in 
combination  with  bases.  A large  quantity  of  a nitrogenous 
. body,  therefore,  is  employed  in  the  plant  for  this  purpose ; and 
thus  Draper  has  led  us  to  regard  in  a new  light  the  service  of 
the  nitrogenous  vegetable  substances,  which  are,  in  our  time, 
too  exclusively  considered  as  chiefly  intended  for  the  nourish- 
ment of  animals.  We  must,  therefore,  distinguish  two  actions 
which  take  place  in  the  interior  of  plants,  in  reference  to 
this  nitrogenous  body,  viz.,  its  production  and  decomposition. 
The  latter  is  effected  by  the  light,  the  former  in  the  dark,  in 
those  parts  which  are  withdrawn  from  the  light.  We  have 
seen  already,  that  there  are  grounds  for  considering  the  radi- 
cal fibres  as  the  place  Avhere  it  is  produced. 

But,  in  the  second  place,  we  may  conclude  from  the  decom- 
posing action  exercised  by  the  light  on  the  carbonic  acid  in 
the  leaves,  and  from  its  not  being  decomposed  in  the  dark, 
that  in  the  roots  and  stem,  and  indeed  wherever  the  light 
has  no  access,  no  carbonic  acid  is  decomposed,  or  at  least  not 
with  the  liberation  of  oxygen.  Hence  the  reason,  why  the 
leaves  and  other  green  parts  acquire  a large  quantity  of  wax 
in  B.  chlorophyle,  and  why  in  seeils  fats  are  produced. 
whilst  in  the  roots,  the  stem,  and  other  ]>arts  inaccessible  to 
light,  these  substances  cannot  be  found,  and  therefore  are 
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either  wanting  or  exist  but  sparingly,  and  the  latter  only  in 
consequence  of  the  diffusion  of  the  sap. 

In  a physiologico-chemical  point  of  view,  it  now  becomes 
a matter  of  still  more  importance  to  investigate  what  pro- 
ducts are  found  in  plants  that  grow  in  the  dark ; what  sub- 
stances remain  absent,  and  what  are  produced  instead  of 
those  that  are  found  under  the  influence  of  light.  Draper 
further  states  that  plants,  and  especially  the  spiral  vessels, 
contain  air,  in  which  from  88  to  Of  per  cent,  of  nitrogen  is 
found.  The  nitrogen  obtained  in  the  above-mentioned 
experiment  on  the  disengagement  of  gases,  must  not  be  as- 
cribed to  this  source,  for  the  leaves,  which  were  subjected  to 
the  experiment  and  placed  in  the  solution  of  alkaline  car- 
bonate, had  first  been  placed  in  tacuo,  and  been  thus  deprived 
of  the  whole  of  the  air,  and  consequently  also  of  the  nitrogen, 
they  contained  ; and  yet,  when  exposed  to  the  light,  they 
again  yielded  a mixture  of  oxygen  and  nitrogen,  containing,- 
it  is  true,  a little  less  nitrogen  than  before — as  might  be  ex- 
pected,— but  not  so  much  less  as  would  annul  the  con- 
clusion that  a peculiar  nitrogenous  body  is  decomposed  in 
the  leaves. 

It  is  probable  that  the  nitrogen  in  the  spiral  vessels  has  no 
other  source  than  the  atmospheric  air  dissolved  by  the  saps 
in  the  roots,  and  thus  introduced  into  the  plant  The  oxygen 
of  this  air  must  be  employed  for  the  oxidation  of  various 
substances ; and  the  nitrogen,  remaining  in  a free  state,  passes 
through" the  existing  cavities,  such  as  spiral  vessels  and  inter- 
cellular canals,  and  is  at  last  expelled  at  the  surface  of  the 
leaves. 

Draper  found  that  the  quantity  of  gas,  disengaged  by  the 
influence  of  light,  was  always  exactly  equal  to  that  of  the 
carbonic  acid  absorbed.  In  one  experiment  he  had  employed 
20  measures  of  carbonic  acid,  and  obtained  20  measures  of  a 
mixture  of  oxygen  and  nitrogen.  This  agrees  with  the  result 
of  an  exj>erlment  of  do  Saussure  {Recherches  Chim.).  The  latter 
placed  seven  .shoots  of  Vinca  pcrvinca  in  a bell  Jar,  which  was 
isolated  from  the  air  by  mean.s  of  mercury,  whilst  the  mercury 
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again  was  covered  with  a little  water,  to  prevent  its  evapora- 
tion. The  bell  jar  contained — 

Before  the  experiment  After  seven  days. 
Nitrogen  4199  Cub.-Centiin.  4338  Cub.-Centim. 
Oxygen  1116  — 1408 

Carbonic  acid  431  0 


5746  5746 

The  conclusion  drawn  from  this  result  is,  that  not  only  the 
whole  of  the  carbonic  acid  had  been  absorbed,  but  that  it  had 
been  replaced  by  oxygen  and  nitrogen,  in  the  proportion  of 
292  ac.  of  oxygen  and  139  c.c.  of  nitrogen,  together  431  cc. : 
that  is,  exactly  equal  to  the  quantity  of  carbonic  acid  before 
the  experiment. 

But  this  simplicity  of  relation  is,  in  my  opinion,  accidental 
The  carbonic  acid  is  employed  for  the  production  of  various 
.organic  bodies,  which  cannot  possibly  be  the  same  in  all 
planta  Consequently,  the  quantity  of  oxygen  given  off  can- 
not be  a constant  one.  This  variety  of  products  also  rendo^ 
it  impossible  that  a constant  amount  of  a nitrogenous  sub- 
stance should  be  required  for  the  decomposition  of  the  car- 
bonic acid.  Draper  himself  found,  that  towards  the  end  of 
the  experiment  more  nitrogen  is  disengaged  than  at  the  begin- 
ning, which  cannot  be  otherwise  accounted  for  than  by  assum- 
ing that  the  nitrogenous  body,  which  yields  the  nitrogen,  is 
first  separated  into  various  intermediate  compounds ; that 
whilst  this  is  going  on  it  promotes  or  causes  the  decomposi- 
tion of  the  carbonic  acid  ; and  that  its  own  final  decomposition 
and  the  liberation  of  nitrogen  only  takes  place  in  the  course 
of  the  action.  It  appears  from  this  that,  in  every  case,  the 
relation  between  the  quantity  of  nitrogen  and  that  of  oxygen 
is  only  accidental. 

It  is  necessary  that  we  attempt  a more  special  explanation 
of  the  important  phenomenon  now  under  consideration.  It 
is  certain  that  carbonic  acid  is  absorbed  by  the  green  parts 
of  plants,  which  again  evolve  oxygen  and  nitrogen.  But  this 
is  not  sufficient  to  make  us  understand  the  phenomenon. 
Draper’s  experiments  show  that  nitrogenous  substances  within 
theplants  are  decoinposedinto  their  elements.  What  else  could 
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be  the  source  of  the  nitrogen  that  is  given  off  by  plants  ? If 
this  nitrogen  is  derived  from  vegetable  albumen,  the  latter 
ceases  to  be  albumen,  and  whilst  being  thus  changed,  it  may 
give  rise  to  the  production  of  C.  chlorophyle  (p.  290),  vegetable 
alkalies,  and  other  nitrogenous  substances,  containing  less 
nitrogen  than  albumen.  The  molecules  of  albumen,  there- 
fore, whilst  in  a state  of  transformation,  supply  this  nitrogen, 
and  are  themselves  converted  into  new  compounds.  This 
change  occurs  at  the  places  where  these  new  bodies  are  found, 
that  is,  in  the  cellular  contents,  where  these  bodies  are  to  be 
de()osited.  In  the  same  place,  therefore,  the  nitrogen  is  set 
free.  It  is  inclosed,  dissolved  in  the  sap  of  the  cells,  until  it 
can  be  exchanged  by  gaseous  diffusion.  Water  can  take  up  an 
appreciable  quantity  both  of  nitrogen  and  oxygen  (p.  129). 
Whilst  the  cells  mutually  exchange  their  saps,  they  carry  this 
nitrogen  along.  It  is  subsequently  conveyed  into  the  air  canals, 
in  which  it  is,  by  diffusion,  exchanged  for  carbonic  acid,  and 
thus  may  be  discharged  through  the  stomata  into  the  atmo- 
sphere. 

This  nitrogen,  therefore,  is  a final  product  of  the  change 
of  materials  in  plants,  as  carbonic  acid  is  in  animals  ; or,  if  we 
wish  a still  more  striking  comparison, — nitrogen  is  a final  pro- 
' duct  of  the  decomposition  of  protein  in  plants,  as  urea  {ano- 
malous Cyanate  of  ammonia)  is  from  the  same  substance  in 
animals. 

The  oxygen,  disengaged  by  plants,  must  originate  from  a 
totally  different  class  of  bodiea  Wo  do  not  know  what  these 
are,  with  the  exception  of  carbonic  acid.  But  it  is  certain 
that  the  oxygen  is  a product  of  the  change  of  materials  among 
substances  existing  in  the  plant.  We  know  some  of  these, — 
for  instance,  starch,  concerning  which  we  may  consider  it  as 
established,  that  it  is  occasionally  converted  into  fat,  a change 
which  is  attended  by  a loss  of  oxygen  (p.  263).  Starch  is 
formed  from  dextrin,  the  latter  again  from  substances  with 
which  we  are  unacquainted.  Suffice  it  to  say,  that  whenever 
substances  containing  little  or  no  oxygen,  such  as  ethereal 
oils  and  fats,  are  formed  from  ollicrs  rich  in  oxygen,  such  as 
starch,  oxygen  must  be  given  ofl'. 
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This  oxygen  is  dissolved  in  the  sap  of  plants,  in  the  same 
way  as  was  explained  with  regard  to  the  nitrogen  ; and  it  re- 
mains in  this  sap  until  it  can  be  exchanged  with  another  gas 
through  a cellular  membrane,  according  to  the  laws  of  dif- 
fusion. Thus  it  may  accumulate  in  the  air-cavities,  from 
which  it  is  expelled  through  the  stomata  and  discharged 
into  the  atmosphere 

It  has  been  erroneously  stated  that  the  carbonic  acid, 
after  having  entered  into  the  green  parts,  leaves  its  carbon 
behind  and  gives  off  its  oxygen.  Not  a single  proof  can  now 
be  adduced  to  show  that  such  a direct  action  takes  place. 
We  have,  on  the  contrary,  every  reason  at  present  to  reject 
this  idea  as  unchemicaL  The  carbonic  acid  may  combine 
with  the  elements  of  water,  and  form  one  or  more  substances, 
which  are  as  yet  unknown ; or  it  may  unite  with  existing 
bodies  to  form  new  products  ; — in  a word,  the  carbonic  acid 
from  the  atmosphere,  which  is  introduced  through  the  sto- 
mata into  the  air  canals,  and  through  them  into  the  plant, 
close  to  the  cells  which  are  filled  with  sap, — the  carbonic  acid, 
replacing  the  oxygen  and  nitrogen  in  the  sap,  is  not,  as  has 
been  assumed,  suddenly  decomposed  into  oxygen,  which  re- 
turns, and  carbon,  which  enters  into  immediate  combinatioa 
Such  conceptions,  I repeat,  are  not  supported  by  any  evidence: 

De-oxidations  of  the  nutritive  substances,  manifold  com- 
binations of  their  elements  and  occasional  oxidations,  in  a 
word,  a mutual  exchange  of  constituents  ; — this  is  what  the 
vegetable  kingdom  with  its  innumerable  constituents  exhibits 
The  main  tendency  is  to  de-oxidation,  but  yet  there  is  no  im- 
mediate decomposition  of  carbonic  acid  into  carbon  and  oxy- 
gen. 

The  manner  in  which  the  carbonic  acid  is  absorbed  by  the 
plant,  and  the  oxygen  and  nitrogen  are  expelled,  is  by  a 
simple  diffusion.  There  is  no  respiration  ; no  inspiration  of 
carbonic  acid,  and  no  exhalation  of  the  two  other  gases. 
Along  with  the  atmospheric  air,  its  ^ part  of  carbonic  acid 
enters  through  the  stomata  into  the  air-canals,  and  thcrea  thin 
and  moist  cellular  wall  is  interposed  between  it  and  a sap, 
containing  o.vygen  and  nitrogen.  After  an  exchange  h:\sl*een 
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effected,  the  oxygen  and  nitrogen  of  the  plant  are  diffused 
through  the  atmospheric  air  inclosed  in  the  air-canal,  and 
in  the  same  manner  the  carbonic  acid  of  the  external  air  is 
continually  diffused,  entering  into  and  below  the  stoma.  It 
is  as  if  we  had  a narrow  tube,  with  carbonic  acid  at  the  top, 
oxygen  and  nitrogen  at  the  bottom,  and  a mixture  of  79  per 
cent  of  nitrogen  and  21  of  oxygen  in  the  middle. 

Perhaps  it  may  be  argued  against  this,  that  we  do  actually 
perceive  a more  energetic  action  proceeding  from  the  plant ; 
for  example  in  the  expulsion  of  oxygen,  when  we  expose  green 
parts  lying  in  carbonated  water  or  in  a weak  solution  of  car- 
bonates to  the  influence  of  the  sun.  But  this  separation  is  not 
more  active  than  it  ought  to  be,  according  to  the  laws  of  gase" 
ous  diffusion.  The  exchange  of  the  two  gases,  carbonic  acid 
and  oxygen,  takes  place  in  a thin  and  moist  membrane.  The 
carbonic  acid  enters  into  the  sap,  the  oxygen  leaves  it.  The 
latter  is  much  less  soluble  in  water  than  the  former,  and 
therefore  it  must,  for  the  greater  part,  appear  in  the  gaseous 
form  in  the  water  which  covers  the  plant.  Every  cause  of 
expulsion  of  an  ordinary  mechanical  nature  is  here  entirely 
superfluous.  The  phenomenon  is  sufficiently  explained  by 
the  exchange  between  carbonic  acid  and  oxygen  from  the 
great  solubility  of  the  former,  and  the  small  solubility  of  the 
latter.  Hydrogen  is  so  energetically  diffused  through  a layer 
of  gypsum  when  exchanging  with  atmospheric  air,  that 
when  the  experiment  is  mode  in  the  pneumatic  trough,  a 
considerable  column  of  water  is  raised  above  the  level.  Accord- 
ing to  Graham,  carbonic  acid,  nitrogen,  and  oxygop,  require 
an  equal  period  of  time  to  penetrate  through  a layer  of  gypsum. 

It  is  worthy  of  special  remark  that  the  air-canals  in  plants, 
which  are  in  communication  with  the  external  air  through  the 
stomata,  do  not  penetrate  deeply  into  the  tissue,  but  must 
really  be  called  shallow.  Any  change,  therefore,  in  the 
atmosphere  in  these  canals  ought  to  be  characterised  by  pe- 
culiar production.s,  if  the  above-mentioned  diffusion  of  gases 
through  the  saps  in  the  cells,  and  their  gradual  production 
and  decomposition,  did  not  take  place,  in  the  manner  I have 
here  described.  But  the  contents  of  the  cells  adjoir  in  jthe 
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air-canals  present  nothing  particular,  and,  therefore,  the  for- 
mation of  new  substances  from  the  carbonic  acid  and  the  li- 
beration of  oxygen  and  nitrogen  is  not  confined  to  this  spot, 
but  goes  on  throughout  the  whole  tissue  that  is  affected  bj 
the  light.  Hence  the  reason  why  part  of  the  absorbed  carbo- 
nic acid  may  again  be  driven  out  from  those  organs  which 
contain  cellular  sap  impregnated  with  carbonic  acid,  and  sup- 
plied from  other  parts, but  Avhich  are  incapable  of  fixing  the 
carbonic  acid  into  new  combinations,  because  their  contents 
are  unfit  for  this  purpose. 

We  learn  from  the  experiments  of  Calvert  and  Feixand 
(p.  765),  that  the  gases  which  are  inclosed  in  the  large  cavi- 
ties of  plants  contain  a certain  amount  of  carbonic  acid.  This 
carbonic  acid  is  derived  either  from  the  rain-water  in  the 
soil  or  from  the  atmosphere ; it  is  held  in  solution  by  the  cel- 
lular saps,  and  is  mixed  with  the  other  gases  with  which  these 
cavities  are  filled ; it  is  separated  from  the  sap  contained  in 
the  cells  which  adjoin  these  cavities.  This,  therefore,  is  a 
direct  proof  that  the  carbonic  acid  first  becomes  a gaseous 
and  dissolved  ingredient  of  the  saps,  and  that  the  new  pro- 
ducts into  which  it  is  converted, — though  it  is  not  even  always 
so, — are  formed  at  a later  period  and  in  a different  place. 

Andsowe  are  led,  as  it  were  involuntarily,  to  the  well-known 
phenomenon,  that  plants  when  in  the  dark  also  excrete  car- 
bonic acid.  This  carbonic  acid  was  dissolved  in  the  sapa 
The  action  of  light,  by  which  chlorine  and  hydrogen  are 
suddenly  combined  into  hydrochloric  acid,  and  which  produces 
such  manifold  chemical  actions  in  plants,  assists  the  conversion 
of  o.xygenised  bodies  into  others  containing  little  or  no  oxy- 
gen. This  conversion  is  a chief  condition  for  the  absorption 
of  carbonic  acid  from  the  air  in  the  air-canals,  for  this  ab- 
sorption can  only  be  effected  by  the  exchange  of  one  gas  with 
another.  Light  is  the  cause  of  the  production  in  the  leaves 
of  such  substances  as  are  poor  in  oxygen  ; light  causes  the 
disengagement  of  oxygen  from  the  leaves ; light,  therefore,  b 
the  cause  of  the  exchange  of  carbonic  acid  with  oxygen,  and 
consequently  of  the  absorption  of  carbonic  acid  by  plants. 

But  in  tlie  dark  there  is  no  sudden  combination  l>etwe«n 
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chlorine  and  hydrogen.  In  the  dark  the  constituents  of  the 
cellular  sap  of  the  leaves  have  no  tendency  continually  to 
produce  new  and  de-oxidised  substances  ; and  consequently 
in  the  dark  no  oxygen  is  liberated  from  the  constituents  of 
the  saps  adjoining  the  air-canals.  It  is  plain  that  in  this 
case  no  oxygen  can  be  exchanged  for  the  carbonic  acid  of  the 
canala  On  the  contrary,  the  substances  in  the  leaves  now 
follow  the  usual  course  of  chemical  substances  ; that  is,  they 
are  oxidised,  and,  using  up  the  oxygen  that  still  remains  in 
the  saps,  they  render  these  poor  in  oxygen.  The  carbonic 
acid  taken  up  before  and  not  exchanged,  being  still  dissolved 
in  the  sap,  is  now  in  a position  to  diffuse  against  a mixture  of 
79  per  cent,  of  nitrogen,  21  per  cent  of  oxygen,  and  ^ of  car- 
bonic acid  (the  atmosphere).  It  exchanges  by  diffusion  with 
the  constituents  of  the  air ; as  these  enter  into  the  sap,  the 
carbonic  acid  leaves  it,  and  is  discharged  into  the  atmosphere. 

This  phenomenon,  which  plants  exhibit  during  the  night, 
and  which  is  the  reverse  of  what  they  manifest  in  the  day- 
time, shows  the  powerful  influence  of  light  upon  the  chemical 
actions  of  the  constituents  of  plants,  which  have  not  yet  at 
all  been  studied  in  reference  to  this  point  The  occurrences, 
however,  that  take  place  in  the  dark  must  be  of  small  extent 
when  compared  with  those  that  happen  in  the  day-time.  At 
night  no  more  carbonic  acid  can  be  exchanged  for  atmospheric 
air  than  what  was  left  unused  and  near  the  air-canals,  and 
plants  are  therefore  continually  gaining  in  carbonic  acid,  at 
least  in  long  daya  When  the  days  are  short  the  loss  during 
the  night  may  be  equal  to  what  was  gained  during  the  day ; 
and  when  the  obscurity  is  artificially  protracted,  t^e  quantity 
of  oxygen  absorbed  becomes  gradually  so  large  that  the  green 
chlorophyle  is  oxidised  and  becomes  colourless  (p.  270),  that 
is,  chlorosis  ensuea 

This  interchange  of  atmospheric  air  absorbed  and  carbonic 
acid  expelled,  which  takes  place  during  the  night,  may  be 
partly  the  cause  of  the  separation  of  the  nitrogen  which  plants 
yield,  of  which  the  quantity,  however,  has  not  yet  been  deter- 
mined by  experiment.  Yet  it  deserves  a special  investigation, 
which  might  easily  be  performed. 
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It  is  evident  from  what  has  been  stated  that  plants,  when 
kept,  for  instance,  in  nitrogen,  must  yield  both  carbonic  acid 
and  oxygen ; that  when  oxygen  is  used  they  must  yield  car- 
bonic acid  and  nitrogen,  and,  finally,  when  the  experiment  is 
made  with  pure  carbonic  acid,  they  must  yield  nitrogen  and 
oxygen.  All  this  is  plain  from  a knowledge  of  the  simple 
physical  phenomena  of  difiFusion. 

The  quantity  of  oxygen  and  nitrogen  which  plants  give  off 
by  a normal  decomposition  of  carbonic  acid  will  depend  partly 
on  the  diffusing  power  of  the  gases,  and  partly  also  on  a num- 
ber of  other  circumstances.  I shall  only  refer  to  one  of  these, 
viz.,  the  nature  of  the  substances  of  which  the  plant  consists 
Every  other  thing  being  equal,  a Sago-palm  tree  will  disen- 
gage much  more  oxygen  than  a sorrel  ( Oxalit ),  although  the 
quantities  of  carbonic  acid  absorbed  are  the  same.  For  whilst 
in  the  latter  two  equivalents  of  carbonic  acid,  on  being 
converted  into  one  equiv.  of  oxalic  acid,  can  only  give  off  one 
equiv.  of  oxygen — every  other  thing  being  equal,  I say, — the 
sorrel  will  not  be  able  to  disengage  so  much  oxygen  by  far 
as  the  Sago-palm  tree,  in  which  from  12  equiv.  of  carbonic 
acid  and  10  equiv.  of  water,  one  equiv.  of  starch,  C** 

0^®  is  produced,  whilst  24  equiv.  of  oxygen  are  disengaged 
into  the  atmosphere.  In  the  first  case,  12  equiv.  of  carbonic 
acid  eliminate  only  6,  and  in  the  last  24  equiv.  of  oxygen. 

This  illustration  may  suffice  to  show  that  it  was  nothing 
else  than  defective  experimenting  which  gave  rise  to  the 
assertion,  that  plants  return  a quantity  of  oxygen  nearly 
equal  to  that  of  the  carbonic  acid  they  have  decompose*! 
Such  a uniformity  in  the, products  from  the  food  of  plants 
has  no  existence,  and  therefore  the  rule  is  not  true.  If  we 
add  to  this  diversity  of  the  substances  in  plants,  a diversity 
in  the  growth,  in  the  production  of  resin,  in  the  relative  quan- 
tities of  the  four  organic  elements,  and,  consequently,  also 
of  oxygen, — then  it  appears  very  evident  that  the  law  adverted 
to  in  reference  to  this  subject  only  proves  how  inadequate 
science  yet  is  to  explain  the  operations  of  nature. 

From  what  I have  mentioned,  it  will  be  sufficiently  evi- 
dent that  the  phenomenon  in  plants  now  under  consideration 
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may  be  compared  to  the  respiration  of  insects,  which  do  not 
in  reality  draw  their  breath  ; but  in  their  trachea  an  ex- 
change takes  place  between  the  carbonic  acid  leaving,  and 
the  oxygen  entering  into,  the  nutritive  liquid.  And  if  we 
choose  to  compare  the  present  function  of  plants  with  the 
respiration  of  aiximals  of  the  highest  order,  the  comparison 
still  holds  good,  provided  the  idea  of  drawing  breath  be 
abandoned.  (Sec  Eespiration  of  Animah.) 

Water-plants  perform  the  function  here  mentioned — which 
ought  to  be  distinguished  by  a peculiar  name — in  the  same, 
manner  as  fishes  their  so-styled  respiration.  The.se  plants, 
being  devoid  of  stomata,  afiord  ample  opportunity  to  the 
carbonic  acid,  held  in  solution  by  the  water,  to  exchange 
through  the  exterior  layer  of  their  cells  with  the  oxygen 
given  ofi*.  and  their  function  is  in  this  respect  also  regulated 
by  the  rules  juct  mentioued. 

There  is  this  essential  difference  between  the  respiration  of 
animals  and  that  of  plants,  that  the  latter  yield,  the  former 
absorb  oxygen,  whilst  the  latter  absorb  and  the  former  yield 
carbonic  acid.  Since  with  carbonic  acid  carbon  is  introduced 
into  plants,  some  have  preferred  to  class  the  respiration  of 
plants  with  nutrition.  This  is  certainly  less  of  a play  upon 
words  than  to  call  animal  life  a combustion,  because  animals 
absorb  oxygen  and  yield  carbonic  acid  instead ; for  it  is  a 
fact,  that  the  greater  part  of  the  substance  of  plants  is  de- 
rived from  carbonic  acid. 


L.  On  Evaporation. 

Evaporation  from  plants  has  an  important  influence  upon 
the  change  of  materials  which  takes  place  in  their  interior. 
Wlien  their  parts  are  filled,  or  at  least  soaked  with  a watery 
fluid,  they  will  yield  much  of  their  moisture  to  dry,  and 
less  to  moist,  air,  according  to  the  well  known  laws  of  evapo- 
ration. This  function  of  plants  is  not  the  effect  of  a pecu- 
liar power.  The  stem  of  a tree,  a stick,  a branch,  a wet 
cloth,  or  a leaf,  all  lose  part  of  the  water  they  contain  when 
they  are  exposed  to  dry  air.  This  evaporation  takes  place 
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in  winter  as  well  as  in  summer,  for  even  ice  eraporates  and 
diminishes  in  quantity  by  giving  off  part  of  its  substance  to 
the  atmosphere.  In  summer  the  water  evaporated  from  living 
plants  is  restored  from  the  soil,  in  proportion  as  it  is  pre- 
sent there,  and  with  this  restoration  the  plant  is  at  the  same 
time  supplied  with  the  substances  that  are  held  in  solution 
by  the  water,  whilst  nothing  but  pure  water  is  given  off  by 
them  during  evaporation.  (Chapter  VIII.) 

The  stomata  have  erroneously  been  considered  as  the 
places  from  whence  the  evaporation  of  water  exclusively 
takes  place  It  is  true  that  the  cuticle  and  epidermis  are  of 
such  a nature  that  they  do  not  favour  the  evaporation  of 
water  from  the  juicy  cells  lying  beneath  them  ; but  the  cells 
of  the  cuticle  and  epidermis  consist  of  membranes  soaked 
with  water,  and  whilst  these  are  drying  up,  they  re-absorb 
water  from  the  adjoining  parts.  Evaporation,  therefore,  takes 
place  from  all  the  external  parts  of  the  plant  without  excep- 
tion, because  all  the  external  parts  ore  either  moist  or  in 
communication  with  moist  parts. 

The  same  cause,  however,  which  makes  water  evaporate 
from  the  whole  surface  of  the  plant,  effects  the  emission  of 
watery  vapours  from  the  stomata,  because  they  are  in  com- 
munication with  cavities  which  are  surrounded  by  sap-hold- 
ing cella  The  quantity  of  water  that  is  given  ofi  from  these 
parts,  all  other  conditions  being  equal,  depends  on  the  eva- 
porating surface,  and  we  have,  therefore,  to  inquire,  what  the 
extent  of  these  cavities  ia  It  is  no  doubt  an  error  to  think 
that  the  emission  of  watery  vapour  should  take  place  chiefly 
through  the  stomata  • 

A larger  quantity  of  water,  however,  must  evaporate  through 
the  stomata  than  through  an  equal  superficial  extent  of  the 
cuticle,  because  the  latter  contains  much  wax,  whilst  the 
cells  of  the  cavities,  with  which  the  stomata  are  in  commu- 
nication, have  thin  walls  not  covered  with  cuticle,  and, 
therefore,  not  impeded  by  wax,  which  counteracts  evapora- 
tion. 

This  wax  of  the  cuticle  is  the  cause  why  fleshy  fruits 
dry  up  so  slowly.  They  contain  such  a large  quantity  of 
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wax  in  their  cuticle,  that  their  surface  often  becomes  smooth 
and  shining  (see  p.  268).  The  slowness  of  evaporation  is  in 
proportion  to  the  thickness  of  the  cuticle. 

The  evaporation  of  watery  vapour  through  the  stomata  is 
further  assisted  by  their  exhalation  of  oxygen ; for  this  gas 
will  necessarily  carry  away  the  watery  vapours  that  are  pre- 
sent in  the  cavities  of  the  stomata,  and  thus  it  will  be  given 
off  as  moist  oxygen. 

But  on  the  other  hand,  circumstances  are  unfavourable  to 
the  evaporation  from  the  stomata  in  the  dark,  when  they 
give  off  no  oxygen,  but  instead  of  this  a small  quantity  of 
carbonic  acid  ; for  evaporation  can  proceed  but  slowly  from 
an  enclosed  space,  only  communicating  with  the  atmosphere 
through  a small  opening. 

This ' evaporation,  whether  effected  in  the  cavities  of  the 
stomata  or  on  the  surface  of  the  cuticles,  or  from  some 
other  place,  depends  on  the  temperature,  the  hygrometric 
state  of  the  air,  and  of  the  evaporating  surface,  and  also  on 
the  quantity  of  sap  in  the  plant,  and  on  the  thickness  of  the 
walls  of  the  cells  of  the  cuticle  and  epidermis.  Evaporation  in 
plants  is  a purely  physical  phenomenon,  which  is  fully  ex- 
plicable by  physical  laws. 

It  has  been  asserted,on  the  authority  of  the  experiments  of 
Sennebier  and  Hales,  that  not  heat  but  light  is  the  cause  of 
the  evaporation  of  water  from  planta  These  experiments  are 
said  to  prove,  that  evaporation  diminishes  in  the  shade,  and 
ceases  at  night,  whilst  on  the  contrary,  it  is  at  the  highest 
stage  during  the  day  and  in  full  light,  even  when  the  tempe- 
rature is  low.  I am  not  aware  that  any  experiments  have 
been  made,  which  have  shown  this  result  with  certainty, 
and  I therefore  doubt  the  correctness  of  the  conclusion.  The 
evaporating  water  existed  in  the  plant  as  such,  and  there 
was  no  necessity  for  its  being  produced  from  its  elements. 
Neither  is  the  evaporation  of  water  connected  with  the  trans- 
formation of  substances  in  the  plant,  and  it  would  there- 
fore be  very  singular,  if  the  evaporation  of  these  humid  sub- 
stances were  regulated  by  the  light,  whilst  that  of  every 
other  is  regulated  by  heat.  The  former  is  true,  only  in  so  far 
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OS  the  giving  off  of  the  oxygen — which,  as  has  just  been 
explained,  influences  the  evaporation — depends  on  the  action 
of  light. 


M.  On  the  Oxidizing  Influence  of  the  Atmosphere  upon  the 
Substances  produced  by  Plants. 

It  is  altogether  erroneous  to  suppose  that  everything  which 
plants  contain  has  been  secreted  and  prepared  by  them  in  the 
form  in  which  we  find  it ; that  is,  that  all  this  is  the  direct 
result  of  the  change  of  materials  within  a plant.  Every  part 
of  the  plant,  when  exposed  to  the  atmosphere,  is  always 
affected  by  its  agency,  provided  it  be  capable  of  being  sa 
Every  substance  that  is  present  in  plants,  and  is  capable  of  ab- 
sorbing oxygen,  or  producing  new  bodies  by  its  influence,  is 
always  more  or  less  changed  by  it,  because  the  air  has  access  to 
a great  part  of  the  interior  of  the  plant 

This  influence,  therefore,  will  vary  with  the  degree  in 
which  the  air  can  reach  the  substances  that  are  capable  of 
being  changed,  and  also  with  the  total  or  partial  withdrawal 
of  the  action  of  other  sub.stances  within  the  plant,  that  are 
capable  of  modifying  the  influence  of  the  atmospheric  air. 

The  constituents  of  the  juicy  parts  of  plants  are  changed 
but  little  by  the  atmosphere,  because  they  abound  in  a watery 
liquid  containing  little  air,  or  none  at  all.  This  water  pro- 
tects the  substances  that  are  dissolved  or  diffused  in  it,  or 
even  those  that  have  already  been  separated  in  the  solid 
state,  against  the  influence  of  the  atmospheric  air.  All  parts, 
however,  that  are  less  juicy,  especially  those  that  are  old,  in 
general  all  that  are  not  saturate  with  watery  liquid,  are 
very  much  altered  by  this  influence. 

Only  a part  of  the  five  constituents  of  the  atmosphere,  wa- 
ter, ammonia,  carbonic  acid,  oxygen,  and  nitrogen,  can  e.xcr- 
cise  here  some  particular  infiuencc.  We  may  safely  leave  the 
nitrogen  out  of  account,  and  likewise  the  water  and  carbonic 
acid,  both  that  which  is  introduced  through  the  roots,  and  that 
which  is  absorbed  by  the  leaves,  as  far  as  they  are  not  con- 
nected with  nutrition,  of  which  we  have  already  treated  l>cforc. 


Digitized  by  Google 


VEGETABLE  AND  ANIMAL  PHYSIOLOGT. 


789 


All  that  remains,  therefore,  is  the  ammonia  and  the  oxygen. 
The  influence  of  the  ammonia  is  very  limited,  as  is  shown  by 
experience.  The  lichens,  which  yield  litmus,  by  the  action  of 
ammonia  and  oxygen,  remain  colourless  in  the  atmosphere ; 
from  which  it  appears  that  the  small  quantity  of  ammonia 
which  the  atmosphere  contains,  exerts  upon  them  no  influence 
whatever.  We  may  assume  the  same  with  regard  to  other 
plants,  with  the  single  exception,  perhaps,  of  the  very  delicate 
colouring  substances  of  some  flowers,  which,  when  placed  in  an 
atmosphere  with  ammonia  and  carbonic  acid,  actually  appear 
otherwise  than  they  would  do,  after  the  removal  of  these  two 
gases. 

Nothing  else,  therefore,  remains  to  be  considered  but  the 
oxidising  influence  of  the  oxygen,  which  is  unlimited  in  its 
eflfects,  and  therefore  deserves  our  whole  attention.  It  is  the 
cause  of  the  colouring  matter  in  barks,  of  the  long  series  of  re- 
sins, and  also  of  some  vegetable  acids  that  are  found  in  plants, 
and  would  not  exist  there  if  the  atmosphere  contained  no  oxy- 
gen. If  we  glance  through  the  various  substances  of  the  Ve- 
getable Kingdom,  we  shall  perceive  that  the  atmosphere  has 
an  important  influence,  as  it  converts  substances  that  were 
already  secreted  by  plants  into  new  products.  (See  in  refe- 
rence to  this.  The  resins,  tannic  acid,  gallic  acid,  cinnamonio 
acid,  benzoic  acid,  4‘c.) 

The  chemical  composition  of  the  various  barks  of  woody 
plants  is  much  more  uniform  than  that  of  the  wood  of  these 
plants.  In  the  first  place,  they  contain  the  substances  that 
have  been  carried  down  from  the  leaves.  These  substances 
are  generally  poor  in  oxygen  or  contain  none  at  all,  because  a 
chemical  change  of  a do-oxidising  nature  has  taken  place  in 
the  leaves,  oxygen  having  been  disengaged  from  them.  It  is 
for  this  reason,  that  the  ethereal  oils,  and  the  resins  produced 
from  them  (see  what  will  hereafter  be  said  on  both),  are 
chiefly  found  in  the  parenchyme  of  the  bark. 

Hence  the  general  prevalence  of  the  substances,  with  which 
the  barks  of  dicotyledonous  woody  plants  are  filled.  These 
substances  do  naturally  differ  from  each  other,  but  yet  they 
belong  to  the  same  class  of  chemical  bodies. 
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But  there  is  another  reason,  why  these  barks  agree  so  much 
with  one  another.  The  old  barks,  which  have  burst  by  the 
increasing  growth  of  the  wood,  and  of  which  the  vessels  are 
pressed  down,  are  converted  by  exposure  to  the  atmosphere 
into  an  ulmic  substance,  which,  having  a brown  colour,  gives 
the  same  appearance,  and  even  several  identical  properties,  to 
old  barks  of  very  different  trees. 

Besides  this,  there  occurs  a product  of  decomposition  of  a 
constituent,  which  is  common  to  a great  many  different  barks, 
viz.,  the  apotheme  of  tannic  acid.  This  acid  is  certainly  found 
also  in  herbaceous  plants,  in  leaves  and  fruits,  but  its  for- 
mation seems  to  be  chiefly  confined  to  the  bark. 

These  are,  no  doubt,  the  same  substancesthat  are  mentioned 
in  the  investigation  which  I am  about  to  quote  ; for  it  ap- 
pears to  me,  that  the  Phlobaphen,  as  it  is  there  called,  ch>sely 
corresponds  with  the  humic  substances  formerly  examined 
by  me  (see  p.  154).  Stiihelin  and  Hofstetter  have  analysed 
some  kinds  of  bark  ( Annalen  der  Chemie  und  Pharmacie,  Juli 
1844,  S.  63)  and  obtained  the  following  results. 

From  the  bark  of  Pinus  sylvestris,  they  extracted  a kind 
of  wax  by  means  of  ether.  Subsequently,  by  digestion  in 
alcohol,  they  obtained  substances,  one  of  which  was  precipi- 
tated by  water  in  the  form  of  reddish-brown  flocks,  whilst 
the  liquid,  which  had  an  acid  reaction,  held  another  in  solu- 
tion. They  called  the  former  Phlobaphen,  and  found  it  com- 
posed as  follows : — 


Found. 

Atoms.  CalcuUtrd. 

c 

62-78 

20 

62-77 

H 

430 

8 

412 

0 

32.92 

8 

3310 

It  was  soluble  in 

ammonia. 

from  which  it 

was  thrown  down 

by  a lead  salt.  The  liquid,  which  had  an  acid  reaction,  gave  a 
grey  precipitate  with  salts  of  iron  ; it  was  yellow,  and  had 
an  astringent  taste.  Its  composition  could  be  represented 
by  the  formula  0^® ; but  it  was  a mixture  of  two 

substances,  one  of  which  was  Phlobaphen  coinbine<l  with  an 
equivalent  of  water. 
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When  the  bark,  previously  treated  with  ether  and  alcohol, 
was  digested  with  alkaline  carbonates,  it  yielded  the  same 
substance,  and  at  last  nothing  remained  but  the  skeleton  of 
the  bark,  which  was  composed  as  follows : — 


Fouid. 

Atoms. 

Cslcnlated. 

c 

62-20 

34 

52-20 

H 

6-61 

21 

5-30 

0 

42-19 

21 

42-50 

Next  to  this  skeleton  the  Phlobaphen  constitutes  the  greatest 
part  of  the  bark,  and  gives  it  its  brown  colour. 

A similar  substance  they  found  in  Platanus  acerifolia,  re- 
presented by  the  formula  IP  08  -f-  2H0  ; whilst  the  ske- 
leton had  the  same  composition  as  that  from  the  Pinus. 

In  China  flava  i^in  they  found  a substance  = C^o  0®, 
but,  besides  this,  another  represented  by  the  formula 
07. 

In  Betula  alba  they  obtained  again  the  substance  IP 
Q8  from  the  alcoholic  solution,  and  from  the  alkaline  one 
having  the  formula  0®  -f-  HO. 

The  temperature,  by  which  these  substances  were  dried,  is 
only  mentioned  once,  viz,,  212°  P.  We  rest  therefore  in  un- 
certainty regarding  the  composition  of  these  substancea 

We  may,  however,  conclude  from  this  investigation,  in  the 
first  place,  that  in  old  barks  a substance  is  present,  agreeing 
with  the  ulmic  bodies  in  so  far  that  it  appears  in  two  dif- 
ferent conditions,  one  soluble  in  alcohol,  and  the  other  in 
alkalies.  This  is  probably  an  apotheme.  And  in  the  second 
place,  that  the  entire  skeleton  of  old  barks,  after  being 
treated  with  the  above-mentioned  solvents,  appears  to  be  nearly 
of  a uniform  composition. 

• 

N.  On  the  Ripening  of  Fruits. 

In  the  ripening  of  fleshy  fruits  wo  must  distinguish  two 
operations,  viz.,  that  of  growth  and  development,  and  the  rir 
pening  itself.  A great  many  investigations  have  been  made 
on  this  subject,  but  only  a few  of  them  have  any  value,  be- 
cause this  distinction  has  not  been  sufficiently  kept  in  view. 

3 a 
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Whilst,  therefore,  I pass  over  the  results  of  Ingenhousz, 
Sennebier,  Davy,  and  others,  it  will  be  necessary  to  dwell  upon 
thoseof  de  Saussure  andCouverchel  (Ann.  de  Cliim.et  de  Phys., 
T.  46,  p.  147).  Although  Berard  has  also  made  a number  of 
analyses  of  ripe  and  unripe  fruits,  his  results  are  not  suffi- 
cient to  explain  the  subject  fully. 

De  Saussure  had  justly  observed,  that  green  fruits  exercise 
the  same  influence  upon  the  air  as  leaves  ; he  found,  also, 
that  the  action  of  the  former  was  somewhat  weaker.  As 
they  approach  to  maturity,  they  gradually  absorb  less  car- 
bonic acid.  Couverchel  found  these  facts  confirmed,  and 
added  this  observation  besides,  that  by  ripening  fruits  carbo- 
nic acid  is  given  oflT. 

The  development  of  fruits  must  be  ascribed  to  the  general 
causes  which  are  active  in  plants.  The  supply  of  matter 
through  the  stalks  and  that  of  carbonic  acid  from  the  air, 
for  which  oxygen  is  given  off  instead,  are  the  two  sources 
from  which  fruits  increase  in  size.  In  this  respect  they  agree 
with  the  leaves,  in  as  much  as  these  also  receive  matter 
through  the  stalk  and  carbonic  acid  from  the  air. 

But,  supposing  that  the  leaves  and  fruits  of  the  same 
plant  contained  originally  precisely  the  same  substances,  yet 
there  would  soon  arise  a material  diflerence  between  them. 
The  mixed  and  endosmotically  changing  substances  in  both 
are  very  different  in  quantity,  and  this  difference  soon  gives 
rise  to  a small  difference  in  properties,  and  this  again  being 
multiplied  in  the  numerous  cells  of  the  fruit,  becomes  a 
source  of  great  variety. 

All  the  substances  of  the  sap,  viz.,  protein  compounds,  dex- 
trin, sugar,  soapy  matter,  salts,  &c.,  are  thus  introduced  into 
the  stalk  of  the  fruit,  and  to  these  is  added  the  carlx>nic  acid 
of  the  air.  In  this  manner  the  fruit  continually  increases  in 
size,  in  consequence  of  a great  increase  in  cells.  In  the 
whole  a great  activity  is  displayed.  There  is  a regular  eva- 
poration through  the  epidermis,  the  saps  are  thus  condensed, 
and  carbonic  acid  is  continually  decomposed. 

Gradually,  however,  two  different  causes,  although  ter- 
minating in  the  same  result,  co  operate  simultaneously. 
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After  the  fruit  has  attained  its  full  size,  the  stalk  dries  up 
and  may  be  easily  severed  from  the  plant,  whilst  at  the  same 
time  wax  is  produced  in  the  cuticle,  and  thus  the  drying 
up  of  the  fruit  is  prevented.  From  this  time  both  tho 
supply  of  matter  through  the  stalk  and  the  absorption  of 
carbonic  acid  from  the  air  are  stopped.  The  fruit  has  now 
become  an  isolated  whole,  capable  of  undergoing  a change  of 
materials  within  itself,  but  only  in  so  far  as  its  materials 
will  reach. 

The  latter  conclusion  is  chiefly  derived  from  the  observa- 
tions of  Couverchcl.  He  observed  that  fleshy  fruits,  when 
fully  developed,  ripened  both  on  and  off  the  plant. 

In  his  experiments  with  full-grown  and  ripening  fruits, 
both  on  and  off  the  plant,  Couverchcl  always  perceived  a 
disengagement  of  carbonic  acid,  without  any  decrea.se  in  the 
oxygen  of  the  air.  The  question  is,  whence  does  this  arise  '< 
We  cannot  expect  here  a separation  of  carbonic  acid,  as  an 
effect  of  chemical  reaction,  but  only  one  similar  to  that  by 
which  this  gas  is  disengaged  from  the  leavc.s.  I refer,  on  this 
subject,  to  Draper’s  experiments,  and  to  what  I have  stated 
at  p.  774. 

Couverchelhas  also  made  experiments  upon  the  preservation 
of  fruits,  both  in  taeuo  and  in  nitrogen — which  methods,  ac- 
cording to  Berard,  are  well  fitted  for  this  purposa  lie  observ- 
ed, however,  that  the  chemical  transformation  of  the  consti- 
tuents of  the  fruits  went  on  constantly,  exactly  as  happens 
in  the  air,  and  he  comes  to  the  conclusion,  that  the  taste  of 
fruits  cannot  under  any  circumstance  be  preserved.  I can 
state  in  addition,  that  apples,  sent  from  Holland  to  India, 
packed  in  vessels  free  of  air,  became  perfectly  tasteless,  al- 
though not  a trace  of  putrefaction  could  be  perceived. 

Fleshy  fruits,  and  also  the  several  kinds  of  berries,  acquire, 
while  ripening,  a much  greater  proportion  of  sugar  than  they 
contained  before  maturity,  although  full  grown.  Whence,  it 
may  be  asked,  was  this  sugar  derived  ? Can  its  presence  be 
traced  to  substances  that  are  present  in  the  unripe  and  full 
grown  fruits,  and  if  so,  what  are  these  .substances  ? bet  us, 
with  reference  to  this  question,  consult  the  analyses  of  Be- 
rard;— 
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It  appears  from  these  analyses,  that  the  acids  (which  are 
here  nearly  all  represented  as  malic  acid)  do  not  diminish  in 
quantity  with  the  ripening  of  the  fruit ; and,  therefore,  ac- 
cording to  these  results,  Liebig’s  hypothesis  (Journ.  de  Pharm. 
et  de  Chimie,  Tome  4,  p.  8.5,  1844)  that  these  acids  are  con- 
verted into  sugar,  is  unfounded.  Tlie  decrease  of  the  acids 
is  not  real,  but  the  sugar  increases  in  quantity  and  thus  the 
acid  taste  of  the  fruits  is  disguised  According  to  Berard, 
in  several  fruits  these  acids  even  increased  in  quantity.*  One 
of  the  constituents  that  decreased  is  dextrin  ; but,  accord- 
ing to  the  above  analyses,  this  also  is  subject  to  exceptions. 
But  the  diminution  of  dextrin  is  in  no  instance  equal  to  the 
increase  of  sugar. 

A decrease  is  also  apparent  in  the  substances  which  we 
have  quoted  from  Berard’s  analyses  under  the  n.amcs  of  cellu- 
lose and  pectose  But  this  also  gives  no  explanation  of  the 
increase  in  sugar. 

Can  this  sugar  have  been  produced  from  carbonic  acid, 
absorbed  from  the  air  ? In  my  opinion  this  cannot  be  the 
case,  for  it  would  then  be  necessary  that  in  a short  period 
a considerable  quantity  of  carbonic  acid  should  have  passed 
through  the  pericarp ; while  considering  the  rapid  growth 
of  the  fruits  this  could  hardly  be  possible,  even  although  the 
atmosphere  consisted  of  carbonic  acid  alone. 

The  idea  that  the  pectose  of  the  fruits  could  be  converted 
into  sugar  by  the  agency  of  the  acids  of  the  same  fruits,  is  appa- 

* In  the  berries  of  the  mountain  ash,  however,  the  quanlitj’  of  malic  acid  is 
certainly  decreasing  about  the  time  of  ripening. 
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rently  unfounded.  If  such  a transformation  reallj  took  place,  ' 
it  would  not  require  in  fruits  the  presence  of  acids.  Turnips, 
carrots,  beet,  and  mangold  wurzcl,  are  all  roots  that  yield 
pectin  and  contain  sugar,  and  in  these  no  free  acid  is  found. 
We  have  seen  (ScheiL  Onderz.  D.  III.  p.  247)  that  pectose 
produces  both  sugar  and  pectic  acid,  and  it  would  appear 
that,  instead  of  pectic  acid  being  converted  into  sugar,  both 
these  substances  are  produced  simultaneously. 

Considering  the  complex  nature  of  pectose,  and  the  present 
impossibility  of  explaining  its  formation  from  other  sub- 
stances, we  are  as  yet  unable  to  give  a correct  idea  of  the 
change  of  materials,  with  which  the  ripening  of  fruits  is  at- 
tended. We  must  take  care,  therefore,  not  to  adhere  to  any 
fixed  conception,  until  new  facts  shall  have  thrown  more  light 
upon  this  subject. 

In  order  to  conduct  such  investigations  properly,  the  un- 
ripe fruits  that  are  examined  must  be  full  grown  ; they  must 
be  separated  from  the  plant,  and  then  we  must  hnd  out  what 
changes  the  substances  undei^o  while  thus  isolated. 

This  investigation,  however,  is  attended  with  difficulties, 
not  only  because  it  is  not  easy  to  effect  a complete  separation 
of  the  several  constituents,  but  also  because  at  the  time  of 
ripening  the  fruit  greatly  increases  in  bulk,  and,  consequently, 
a very  considerable  quantity  of  substances  is  conveyed  through 
the  stalk  ; and,  further,  because  at  that  period  a very  active 
change  of  materials  takes  place,  supported  by  a strong  evapo- 
ration ; and,  finally,  because  the  two  epochs  of  the  deve- 
lopment of  fruit,  viz.,  growth  and  ripening,  sometimes  coin- 
cide. It  is  well  known,  for  instance,  that  by  a strong  sum- 
mer heat,  cherries,  when  nearly  ripe,  begin  to  swell  very 
much  and  become  ripe  at  the  same  time.  This  swelling 
arises  from  a supply  of  sap  through  the  stalk  ; the  cherries  ' 
which  have  already  a very  red  colour  no  more  absorb  car- 
bonic acid  from  the  air.  All  that  they  now  receive,  there- 
fore, comes  from  the  plant,  and  consequently  the  change 
which  is  now  going  on  in  the  constituents  of  the  fruit  is 
made  up  of  that  produced  in  the  existing  and  of  that  in  the 
newly-supplied  substances. 
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The  knowledge  which  we  at  present  possess  on  this  subject 
■ — find  tills  knowledge  is  but  small,  for  the  only  analyses 
which  we  possess  are  those  of  Berard,  which  must  be  con- 
sidered incomplete — induces  us  to  state  that  there  are  no 
grounds, — 

1st,  fur  considering  the  action  of  the  carbonic  acid  of  the 
air  absorbed  by  the  pericarp  as  an  important  agent  in  the 
supply  of  the  chief  mass  of  substances  in  fruits ; — for  the 
surface  of  the  fruit  is  very  small  in  comparison  with  the  con- 
tents; the  quantity  of  carbonic  acid  in  the  air  is  small,  whilst 
the  growth  of  the  fruits  goes  on  with  great  rapidity. 

2d,  for  imagining  that  vegetable  acids  are  first  produeed, 
and  that  these  again  are  converted  into  sugar, — or  that  these 
acids  form  sugar  either  from  dextrin  or  from  pectose. 

It  would  appear,  on  the  contrary,  that  the  chief  part  of  the 
substance  of  a fruit  is  transferred  through  the  stalk. 

But  it  admits  of  no  doubt  that  the  substances  supplied 
really  undergo  a chemical  change,  and  It  appears  to  be  equally 
certain  that  the  acids  in  the  unripe  fruits  are  derived  fivia 
the  carbonic  acid  of  the  air. 

Fremy  has  instituted  experiments  upon  the  ripening  of 
fruits.  (Comptes  Rendus,  21  Octob.  1844.)  By  fleshy  fruits 
after  being  taken  from  the  tree,  oxygen  is  rapidly  converted 
into  carbonic  acid.  When  left  on  the  tree  and  covered  with 
varnish,  they  ceased  to  grow.  He  does  not  conclude  from  this, 
like  Berard,  that  this  formation  of  carbonic  acid  is  necessaiy 
to  the  ripening  of  the  fruit,  but  only  that  respiration  is  a 
requisite  for  the  due  development  of  a fruit  The  air  present 
in  ripe  fruits  contained  little  or  no  oxygen,  but  a large 
quantity  of  carbonic  acid  ; unripe  fruits,  on  the  contrary,  con- 
tain oxygen  but  rarely  carbonic  acid.  A pear  on  being  cut 
to  pieces  ceased  immediately  to  yield  carbonic  acid. 

In  grapes  of  only  5 millegrammes  in  weight  he  found  tartaric 
acid,from  which  he  concludes  that  it  has  not  been  produced 
from  any  other  acid.  A plum  tree  was  watered  with  a solu- 
tion of  soda  at  the  commencement  of  ripening.  The  fruits  felt 
apparently  rijie,  but  they  had  not  a sweet  taste.  Fi-um  this, 
liowevcr,  he  does  not  conclude,  like  Berard,  that  the  sugar  in 
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fruits  is  produced  by  the  acids,  but  that  the  ulkidi  had  pre- 
vented the  formation  of  sugar. 

He  further  thinks  that  ripe  fruits  have  not  an  acid  taste, 
because  they  contain  a larger  quantity  of  bases,  by  which  the 
acids  are  saturated,  and  not  because  they  are  disguised  by 
the  sugar.* 

So  much,  for  the  jle»hy  fruitt  and  berries. 

The  fruits  oi leguminous  plants  and  many  others,  in  general 
those  containing  starch,  exhibit  properties  exactly  opposite 
to  those  of  the  fleshy  fruits,  namely,  before  being  ripe  they 
contain  much  sugar  and  comparatively  little  starch ; but  when 
rii>ening  they  retain  this  quantity  of  sugar  whilst  that  of  the 
starch  greatly  increases. 

We  learn  this  from  the  composition  of  peas  and  beans. 
According  to  Einhoff  unripe  barley  contains  15.97  per  cent, 
of  starch  and  5.55  percent,  of  sugar,  and  when  ripe  67.18  per 


• Frcmy  draws  the  following  conclusions  from  his  experiments — 

1®  The  ripening  of  fruits  is  prevented  by  covering  them  with  a varnish, 
which  opposes  both  the  influence  of  the  air  and  the  perspiration. 

2°  The  conversion  of  the  oxygen  of  the  air  into  carbonic  acid  during  the 
process  of  ripening  is  a phenomenon  which  seems  to  depend  on  the  organisa- 
tion of  the  fruit. 

3°  The  gas  existing  in  fruits  is  frequently  a mixture  of  nitrogen  and  car- 
bonie  acid.  Only  those  fruits  that  are  still  in  the  green  state  contain  a con- 
siderable quantity  of  oxygen.  This  result  is  confirmed  by  the  observations 
made  on  the  respiration  of  fruits. 

t*  The  tartaric  acid  contained  in  grapes  is  not  produced  by  the  modification 
of  some  other  acid,  as  has  been  thought  by  some  chemists;  for  tliis  acid  exists 
in  the  fruit,  both  in  its  first  stage  of  growth  and  in  the  state  of  maturity. 

6°  Fruits  growing  in  the  presence  of  an  alkaline  liquid  contain  no  percepti- 
ble quantity  of  sugar. 

6*  At  the  moment  of  ripening  the  acids  of  the  fruits  are  partially  saturated, 
and  form  salts  of  lime  or  potash. 

7°  The  changes  occurring  in  fruits  after  they  have  been  taken  from  the  tree 
belong  to  a period  of  decomposition,  upon  which  the  air  exercises  much  in- 
fluence. 

8*  There  are  some  nitrogenous  substances,  cither  of  animal  or  vegetable 
origin,  by  which  the  organic  salts  can  be  converted  into  carljonates.  This  | e- 
culiar  property,  which  indicates  how  the  alkalies  are  made  to  appear  during  the 
growth,  may  seem  to  explain  the  accumulation  of  carbonate  of  lime,  wiiich  is 
frequently  found  in  the  tissue  of  the  leaves.  ( Frcmy  on  the  Ripening  of  Fruits, 
in  Journal  de  Chimie  Medicate,  Mars  1845,  p.  132.) 
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cent.ofstarcIiand5.21  per  cent  of  sugar.*  TLisstarch  may  hare 
been  supplied  in  the  form  of  dextrin,  or,  as  it  is  in  Indian 
com  (p.  236),  in  that  of  sugar ; — the  quantity  of  sugar  does  not 
diminish  by  the  ripeuing  of  the  fruits.  There  am  be  no 
question  here  as  to  the  carbonic  acid  from  the  air  having  been 
converted  into  such  a quantity  of  starch  ; the  material  must 
have  been  supplied  through  the  stalk,  and,  therefore,  from 
what  takes  place  iu  barley  and  Indian  corn  inferences  may  be 
dratvn  as  to  what  happens  in  fleshy  fruits. 

A large  quantity  of  protein  compounds,  salts,  &C.,  is  sup- 
}>lied  along  with  the  sap,  the  water  of  which  evaporates  in 
the  seed— the  latter  being  a reason  why  such  fruits  require 
warm  days  for  coming  to  maturity. 

There  is  still  another  essential  difference  between  these 
farinaceous  seeds  and  fleshy  fruits,  that  in  the  latter  there  is 
a very  great  increase  of  cells,  whereas  by  the  former  solid 
substances  are  condensed  and  deposited  within  the  cells, 
which  do  not  much  increase  in  number.  This  is  an  imi>or- 
tant  distinction  as  proceeding  from  products  so  nearly  allied 
as  starch  and  cellulose. 

Finally,  we  have  to  mention  the  oleagiMut  seeds,  which, 
so  far  as  they  contain  fatty  matters,  we  have  considered  in  p. 
263.  These  at  first  contain  starch,  which  they  subsequently 
lose  as  the  quantity  of  fat  increases.  This  is  a remarkable 
transformation  of  one  substance  into  another,  which  must  be 
attended  with  the  separation  of  a large  quantity  of  oxygen. 

Something  similar  must  take  place  in  all  seeds  containing 
ethereal  oils,  such  as  anise,  cumin,  fennel- seed,  dec.  But  it 
has  nut  yet  been  discovered  from  what  substances  these  ethe- 
real oils  are  produced. 

0.  A Glance  at  the  Mode  of  Production  of  Vegetable 
Substancee. 

The  change  of  materials  which  is  going  on  iu  plants  em- 

* ThcM  analyses  of  Einhoff  are  to  be  received  vUh  mnch  cUstrnst,  in  no  br 
a-i  the  proportion  of  sugar  is  concerned.  Mulder's  deduction  from  Uicin  as  to  tke 
persistence  of  the  sugar  is  also,  I believe,  at  variance  with  other  known  fneia.— y. 
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braces  all  the  transformations  that  are  experienced  by  the 
food  introduced  into  them  from  without,  when  it  is  converted 
either  into  parts  of  a definite  form,  or  into  such  as  are  shape- 
less, belonging  to  the  contents  of  cells  and  vessels,  or  into 
excretiona  It  is  a difiicult  matter  to  produce  anything  like 
order  in  this  wide  field,  in  which  hitherto  so  little  has  been 
done.  The  present  state  of  science  allows  us  only  to  throw 
upon  it  a few  general  glances. 

It  is  usual  to  distinguish  in  the  physiology  of  plants  two 
kinds  of  changes,  viz. : those  that  are  comprehended  imder  the 
name  of  the  nutrition,  and  those  under  that  of  the  secretions  of 
plonta  But  this  distinction  is  incorrect  It  is  true  that  cer- 
tain peculiar  substances  are  expelled  from  plants,  but  in  the 
first  place  these  ought  then  to  be  called  excretions  and  not  se- 
cretions, and  secondly,  no  distinction  can  be  drawn  between 
what  may  be  called  nutrition  and  secretion. 

I have  retained  neither  the  term  nutrition  nor  that  of  se- 
at secretion  in  the  usual  sense.  That  which  belongs  to  the 
necessary  contents  of  the  cells  is  equally  entitled  to  the  name 
of  food  of  the  plant,  as  what  is  capable  of  assuming  a definite 
form,  and  consequently  belongs  to  the  persistent  constituents 
of  plants.  It  is  even  possible  that  a large  portion  of  the  solid 
parts  of  a plant  must  be  considered  nearly  valueless  as  regards 
its  life,  and  is  rather  an  ultimate  result  of  transformation 
than  a chief  requisite  fur  the  maintenance  of  its  life.  It  is, 
no  doubt,  in  this  light  that  we  must  view,  for  instance,  the  in- 
crusting  layers  of  the  ligneous  cells  which  constitute  such  a 
great  part  of  all  woody  planta  They  seem  to  belong  to  the 
substances  which  may  be  wanting  in  plants,  and  which  are 
not  essential  to  their  real  character.  The  acids  and  sugar,  on 
the  contrary,  which  are  found  in  fleshy  fruits,  are  absolutely 
indispensable,  and  without  these  the  fruits  apparently  could 
not  exist 

Finally,  there  is  a great  number  of  secretions  and  excre- 
tions, which  are  often  so  essential  to  the  peculiar  manifesta- 
tions of  the  life  of  certain  families  of  plants,  that  they  can  by 
no  means  be  considered  as  superfluous  or  injurious  sub- 
stances, and  therefore  only  fit  for  excretion.  Of  this  class 
are  many  ethereal  oils,  the  opium  in  the  poppy.  Sic.  ^ 

BADOUFFA 
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If  we  look  only  to  the  first  and  last  stages  of  the  trans- 
formations which  take  place  in  the  vegetable  kingdom,  then 
it  would  appear  to  be  an  easy  task  to  explain  the  production 
of  vegetable  substances,  seeing  that  the  composition  of  so 
many  of  these  is  known.  For  this  purpose  it  would  seemingly 
be  sufficient,  on  taking  together  the  carl)onic  acid,  ammonia, 
water,  ulmic,  humic,  getc,  apocrenic,  and  crenic  acids,  to  se- 
lect two  or  three  of  these  for  starting  points,  and  from  these 
to  construct,  with  the  pen,  the  formation  of  every  vegetable 
substance,  as  we  have  done  with  starch  at  p.  67.  Citric  acid 
(C^  H2  0^)  for  instance,  would  then  be  a compound  of  car- 
bonic acid  (C02)  and  water  which  has  lost  oxygen.  Thus 
4 C02  -f  2 HO  = H2  0<  + 00 
Quinine  =(02®  H^2  N 02)  would  then  be  produced  from 
ulmate  of  ammonia,  also  with  carbonic  acid  and  water,  in  the 
following  manner : — 


C 

H 

N 

0 

1 of  ulmic  acid 

= 40 

14 

12 

1 of  ammonia 

= 

3 

1 

1 of  carbonic  acid 

= 1 

2 

7 of  water 

. = 

7 

7 

41 

24 

1 

21 

Deduct  from  this — 

1 of  quinine* 

. 20 

12 

1 

2 

3 of  quinic  acid 

. 22 

12 

12 

41 

24 

1 

14 

And  there  remain  7 of  oxygen  to  be  given 

off  . . . . , . 7 

We  might  proceed  in  this  manner  to  build  up  with  the 
pen  the  whole  of  organic  nature.  But  physiological  chemis- 
try is  not  a science  of  possibilities  or  probabilities;  it  is  a 
science  of  certainties,  and  in  the  absence  of  certainties  we 
cannot  advance  by  probabilities.  The  appearance  of  truth 
is  not  truth  itself.  The  w'ord  knowledge  (or  science)  is  not 
derived  from  to  appear  but  from  to  know.  The  most  we  can 

* I^urcnt**  new  ionmiU  for  quinine  i«  K*  0* J. 
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learn  from  these  formular  schemes  is  what  must  be  excreted 
from  the  plant  and  what  must  enter  into  it,  if  we  know  first 
what  is  formed  within  the  phuit. 

Science,  therefore,  will  not  advance  one  step  by  such  in- 
dications of  the  existence  of  mere  mutual  relations  between 
the  various  vegetable  substances ; and  as  we  are  yet  unac- 
quainted with  the  specific  mode  of  their  production,  it  will  be 
best  to  confess  our  ignorance  on  this  point,  and  to  rest  satis- 
fied with  the  little  that  we  at  present  know — patiently  wait- 
ing for  what  will  be  discovered  in  future. 

It  is  unquestionable  that  all  parts  of  plants,  except  those 
into  which  the  air  can  freely  penetrate,  have  a general  ten- 
dency to  deoxidation,  which  is  therefore  just  the  opposite  of 
the  action  that  many  chemical  bodies  undergo  at  a high 
temperature.  This  tendency  is  apparent  from  the  produc- 
tion of  substances  poor  in  oxygen,  such  as  many  ethereal 
oils,  or  of  those  without  any  oxygen,  as  are  a number  of 
vegetable  bases.  This  general  tendency  or  struggle  toward 
deoxidation, — of  which  we  see  the  manifestation  in  the  dis- 
engagement of  pure  oxygen  into  the  atmosphere,  and  which 
we  may  thereforeconsider  as  a fact,  although  we  know  no  more 
of  it  than  why  a red  heat  causes  iron  to  assume  an  oppo- 
site tendency, — this  tendency,  I say,  may  afford  a general  ex- 
planation of  the  production  of  a great  number  of  substances. 
For  a thorough  explanation,  however,  it  would  be  requisite  to 
pursue  thisproduction  step  by  step — as  we  can  do  thatofmellon, 
when  we  commence  to  heat  blood  with  potash  in  an  iron 
vessel,  to  mix  the  ferrocyanide  of  potassium  produced  with 
sulphur  and  to  heat  this  mixture,  to  pass  a current  of  chlorine 
through  the  sulpho  cyanide  of  potassium  formed,  and  to  heat 
the  sulphocyanogen,  from  which  mellon  is  at  last  produced. 
T here  is  no  reason  why  we  should  look  for  more  explana- 
tion as  to  the  formation  of  mellon,  than  as  to  that  of  tartaric 
acid,  and  if  wc  do  not  understand  the  formation  of  the  latter 
as  well  as  that  of  the  former,  then  we  do  not  know  how  tar- 
taric acid  is  formed. 

The  general  constituents,  if  not  of  all,  at  least  of  the 
greater  part  of  plants,  are;  cellulose,  starch,  inulin,lichcn- 
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etarcb,  gum,  mucilage,  dextrin,  the  various  kinds  of  sugar, 
and  the  substance  constituting  the  homy  albumen,  all  of 
which  may  be  reduced  to  the  formula  IP®  0^®  plus  « 
minus  a certain  quantity  of  water.  Wehave  further:  pectoee,  of 
which  the  composition  is  still  unknown ; the  two  incrusting 
layers  of  the  woody  cells,  the  substance  of  the  cuticle,  of  the 
corky  tbsue,  and  of  some  kinds  of  pith,  all  of  which  have 
been  considered  in  Chapters  VI.  and  VII.  In  these  chapters  I 
have  also  explained,  as  far  as  our  present  knowledge  willallow, 
how  the  formation  of  these  substances  takes  place,  and  also 
that  of  the  fats,  various  kinds  of  wax,  chlorophyle,  and  pro- 
tein in  all  the  different  forms  in  which  it  occurs  in  plants. 

We  have  still  to  consider  the  less  general,  sometimes  even 
very  rarely  occurring  constituents  of  plants.  I shall  confine 
myself  to  those  of  which  we  possess  correct  analyses,  passing 
over,  of  course,  the  large  number  of  substances  that  have  not 
yet  been  analysed,  and  also  those  of  which  the  composition 
b not  yet  sufficiently  establbhed. 


P.  Oxalic  Acid. 

Among  the  substances  that  are  present  in  a conriderable 
number  of  plants,  is  found  oxalic  acid  in  combination  with 
lime.  This  oxalate  of  lime,  which  frequently  appears  under 
such  beautiful  forms,  deserves  our  special  attention.  In  some 
parts  of  plants  that  are  very  rich  in  starch,  such  as  potatoes,* 
thb  salt  b frequently  wanting;  but  on  tbecontrary,  in  theamy- 
laceous  Cactem  it  b generally  present  It  is  certain  that  ox- 
alic acid  occtirs  much  more  generally  than  any  other  vege- 
table acid ; and  besides,  whilst  the  greater  part  of  the  other 
acids  are  confined  to  fmits,  oxalic  acid  is  found  beyond  the 
fmits,  viz. : in  the  various  species  of  sorrel  in  the  form  of  bi- 
oxalate of  potash,  and  as  oxalate  of  lime  in  all  sorts  of  planta 
This  general  appearance  of  oxalic  acid  is  the  more  remark- 
able, because  it  b placed  on  the  boundaries  of  organic  bodiea 
It  may  be  called  an  anomalous  vegetable  acid  ; since  its  affi- 

* CrjriUl«  of  oxalate  of  lime  have  lalol;  been  obaerred  to  be  at  tunea  \erj 
abundant  in  the  interior  of  the  potato.—,/. 
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nity  for  bases  is  comparable  with  that  of  sulphuric  acid ; 
it  is  a product  of  decomposition,  arising  from  the  action  of 
nitric  and  other  acids  on  various  neutral  substances  of  the 
OTCanic  kingdom,  such  as  sugar,  &c.,  when  carbonic  acid  is 
the  accompanying  product ; and  finally  it  is,  like  carbonic 
acid,  free  from  hydrogen,  and  differs  from  this  acid  only  by 
half  an  equivalent  of  oxygen. 

If,  in  addition  to  all  this,  we  take  into  consideration  the 
indubitable  facts,  that  plants  absorb  and  decompose  carbo- 
nic acid  and  give  off  oxygen,  we  are  almost  irresistibly  led  to 
believe  that  in  the  great  number  of  plants  which  contain 
oxalic  acid,  the  latter  is  actually  formed  from  carbonic  acid. 

As  to  the  manner  in  which  this  oxalic  acid  is  produced 
from  carbonic  acid,  we  ascribe  it  to  the  general  tendency  of 
the  constituents  of  plants  to  part  with  their  oxygen.  Every 
two  equivalents  of  carbonic  acid,  therefore,  that  are  ab- 
sorbed, cause  the  emission  of  one  equiv.  of  oxygen,  whilst 
one  equiv.  of  water  is  fixed,  to  produce  oxalic  acid  (C®  0^  -|- 
HO.)  Only  in  the  presence  of  a base,  like  lime,  this  oxalic 
acid  remains  unaltered ; but  when  no  such  base  exists,  it  con- 
tinues losing  oxygen,  and  then  it  may  produce  other  acids  and 
other  substances. 

It  can  easily  be  proved  that  the  oxalic  acid  in  plants  is 
actually  formed  from  carbonic  acid,  and  is  not  a product  of 
the  oxidation  of  sugar  or  any  similar  substance.  In  sub- 
stances of  a vegetable  nature,  in  which  salts  of  deutoxide  of 
copper  are  reduced  into  those  of  the  protoxide,  in  which 
carbonic  acid  is  decomposed  with  disengagement  of  oxygen, 
in  which  phenomena  of  de-oxidation  are  seen  very  active, 
the  formation  of  the  most  highly  oxidised  organic  product  by 
oxidation  would  appear  a great  absurdity.  This  oxalic  acid 
is  produced  along  with  substances  that  contain  little  oxy- 
gen ; whilst  beyond  the  vegetable  kingdom  it  can  only  be 
fbrmed  when  there  is  an  abundant  and  easy  supply  of  oxy- 
gen to  organic  bodies. 

If,  therefore,  anything  is  certain  r^arding  the  formation  of 
any  organic  substance,  it  is  this,  that  oxalic  acid  is  produced 
from  carbonic  acid  by  the  loss  of  oxygen. 
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Q.  Of  the  Acide  in  Fruit*. 

We  maj  now  consider  it  as  an  established  fact,  that  the 
greater  part  of  organic  acids  are  of  a complex  nature.  The 
poly  basic  acids  are  of  this  class.  If  they  do  not  appear 
complex  at  the  ordinary  temperature,  they  become  so  when 
exposed  to  heat  or  in  certain  peculiar  circumstances.  When, 
for  instance,  citric  acid  is  exposed  to  the  influence  of  oxide 
of  silver,  it  is  readily  changed  into  a mixture  of  citric  and 
aconitic  acid,  for 

Citric  Acid.  Citric.  Aconitic 

3 (C<  H2  0*)  = 2 (C<  H2  0*)  + H 0»  + n 0 = 

C12  115  on  + H 0. 

— as  was  pointed  out  by  Berzelius  (Jahresbericht,  1840,  S. 
354.)  Its  constitution  is  stated  by  Dumas  (Ann.  de  Chim. 
et  de  Physique)  to  be  as  follows : — 

Oxalic  acid, 0® 

Acetic  acid, 0^ 

C*  H2  0» 

C2  02 


C12  H5  on 

This  idea,  however,  is  not  supported  by  any  evidence. 

Tartaric  acid,  2 (C^  H2  0^)  is,  according  to  Dumas  (Ann. 
de  Chim.  et  de  Phys , Tome  5,  p.  353)  a compound  of  2 equiv. 
of  oxalic’  and  1 equiv.  of  acetic  acid,  minus  one  of  water,  so 
that  the  hydrogen  is  derived  from  the  acetic,  and  the  oxygen 
from  the  oxalic  acid.  Thus  to 

C H 0 

2 of  oxalic  acid (C2  0^  + HO)  =428 

Add  1 of  acetic  acid 4 3 3 


8 5 11 

And  deduct  one  of  water  (HO)  1 1 

And  there  remain 8 4 10 

which  is  2 (C^  H2  0®)  or  two  of  tartaric  acid. 

Such  representations  do  not  as  yet  admit  of  defence  . but 
we  may  consider  it  as  a true  statement,  that  jwlybasic  acids 


Oxal-acetic  acid. 
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cannot  be  regarded  as  a simple  group  ; but  that  they  consist 
of  a number  of  groups  united  into  one  whole,  equal  to  the 
number  of  equivalents  of  the  bases  with  which  the  polybasic 
acids  combine. 

To  this  class  of  acids  belong  tartaric  and  meconic  acids. 

Some  acids  exist  in  fruits,  and  it  is  worthy  of  remark, 
that  these  bear  all  a simple  relation  to  one  another. 


Citric  acid,  C<  H2  0*  x 3 = C12  H«  Q12 

Malic  acid, C*  II2  0^  X 2 = C8  Q8 

Tartaric  acid,  C<  H2  Q5  X 2 = C8  Qio 


Paratartaric  acid,  ...  R2  0® 

If  it  is  fully  proved  that  the  berries  of  the  mountain-ash 
first  contain  tartaric  acid  and  subsequently  acquire  malic 
acid,  then  we  are  led  to  the  conclusion,  that  by  actions 
which  give  rise  to  the  disengagement  of  oxygen,  one  veget- 
able acid  may  be  converted  into  another.  This  brings  us, 
as  it  were  involuntarily,  to  the  idea,  that  the  carbonic  acid 
in  the  sap,  either  with  or  without  a previous  transformation 
into  oxalic  acid,  by  a progressive  deoxidation  and  combina- 
tion with  water,  forms  first  tartaric  acid  (or  paratartaric 
acid)  and  then  citric  or  malic  acid. 

Citric  acid  Is  of  a complex  nature,  and  consists  of 
2 X H2  -I-  H 03 

aN  is  proved  by  the  established  analysis  of  the  silver  salt 
and  the  further  researches  made  by  Berzelius.  Now  if  malic 
acid,  C*  H2  0*,  has  been  produced  from  tartaric  acid,  this 
again  from  oxalic  acid,  and  the  latter  in  its  turn  from  car- 
bonic acid,  then  we  may  likewise  extend  the  idea  here  pro- 
posed to  aconitic  and  fumaric  acids,  both  of  which  consist 
of  HO*.  As  far  as  we  know  at  present,  therefore,  the 
acids  of  the  fruits,  and  some  others  of  a similar  composition, 
may  be  produced  from  carbonic  acid  and  water,  when  these 
are  brought  into  the  circle  of  change  of  materiala 

This  idea  obtains  additional  support,  if  we  bear  in  mind, 
that  although  oxidised  products  of  some  substances,  contain- 
ing but  little  oxygen  or  none  at  all,  may  be  formed  in  those 
parts  which  have  a free  communication  with  the  atmos- 
phere by  means  of  air  canals ; — we  are,  however,  by  no 
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means  varranted  to  assume,  that  in  parts  continually  under 
influences  of  a deoxidising  nature,  such  a first  degree  of 
oxidation  could  take  place  as  would  be  necessary  to  conrert 
one  of  the  general  constituents  of  plants,  such  as  dextrin,  into 
malic  or  tartaric  acid. 

These  acids,  after  being  once  produced  in  the  fruits,  are 
persistent  there,  and  when  the  fruits  are  ripening,  they  are 
only  more  and  more  enTeloped  by  the  increasing  quantity 
of  sugar. 

IL  Aeid$  generally  difftaed  in  Plante. 

There  are  besides  those  above  named,  the 

Aconitic  acid, H 0® 

Fumaric  acid,  CH  H 0® 

There  are  some  other  acids  also  existing  either  in  certain 
parts  of  plants,  or  throughout  some  particular  plants,  viz. > 

Meconic  acid, H*  O'*  in  opium. 

Quinic  acid,  0^  in  Peruvian  bark. 

Veratric  acid 07  in  seeds  of  sabadilla. 

Valerianic  acid, H*  0®  in  valerian. 

Rocccllic  acid,  0^7  in  roccella  tinctoria 

Chinovic  acid,  C®®  0®  in  China  nova 

No  explanation  can  be  given  as  to  the  manner  in  which 
these  acids  are  formed.  Of  valerianic  acid  we  only  know  that 
it  may  also  be  produced  artificially  from  the  oil  of  potato-spi- 
rit (hydrate  of  oxide  of  amyl)  HU  0 -h  U 0,  by  treat- 
ing it  with  potash,  hydrogen  being  given  off,  and  water  enter- 
ing into  combination. 

S.  On  Tannie  Acid. 

This  acid  (C^®  H®  O®),  which  is  so  diffused  through  various 
parts  of  plants,  in  some  even  accumulated  in  laige  quantity, 
is  very  often  a companion  to  starch,  or  is  accompanied  by  it 
This  tannic  acid,  on  being  boiled  with  dilute  sulphuric  acid 
gives  rise  to  the  production  of  gallic  acid  and  grape  sugar, 
which  is  partly  converted  into  humic  acid.  Thus  firom 
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1 eq.  of  taonic  acid,  C^*  0®  take 

2 “ of  gallic  acid,  0®  and  there 

Remain  C*  H®  0® 

When  water  unites  with  this,  grape  sugar  is  produced. 

Tannic  acid,  on  being  exposed  to  oxygen,  is  converted  into 
gallic  and  carbonic  acids,  the  latter  equal  in  volume  to  the 
oxygen  absorbed.  The  four  equivalents  of  the  body  repre- 
sented as  C*  H®  0®,  absorb  eight  equivalents  of  oxygen,  and 
produce  four  of  carbonic  acid  (■!•  CO^). 

If,  in  addition  to  these  facts,  we  bear  in  mind  that  when 
powdered  gall-nuts  are  moistened  with  water,  gallic  acid, 
carbonic  acid,  and  alcohol  are  formed,  and  that  by  destructive 
distillation  gallic  and  tannic  acid  yield  the  same  products, 
then  it  becomes  probable  that  w’hen  gallic  acid  is  found  in  a 
plant,  it  is  the  product  of  the  decomposition  of  tannic  acid, 
effected  without  the  co-operation  of  the  plant.  This  decom- 
position may  either  produce  nothing  but  grape  sugar  by  com- 
bination with  water,  or* when  oxygen  is  absorbed,  carbonic 
acid  may  also  be  di.sengaged.* 

We  learn  from  this  fact,  that  either  gallic  acid  and  grape 
sugar,  or  gallic  and  carbonic  acids  together,  are  produced  from 
tannic  acid  severally  by  the  action  of  sulphuric  acid  and  of 
oxygen  ; that  in  tannic  acid  as  in  salicin  we  may  conceive  the 
existence  of  grape  sugar,  and  that,  therefore,  tannic  acid  may 
be  considered  as  a combination  of  gallic  acid  and  grape  sugar. 
This  at  least  appears  to  follow  from  the  analyses  of  tannic 
acid  that  we  at  present  possess. 

When  either  tannic  or  gallic  acid  is  suddenly  and  strongly 
heated,  it  produces  one  or  more  equivalents  of  pyro-gallic  acid 
(C2  HO).  On  being  cautiously  heated  to  482°  F.,  both  tannic 
and  gallic  acids  are  converted  into  meta-gallic  acid  (C®  H2 
02). 

This  perfect  identity  of  j)eculiar  compounds,  produced  by 
pyro-chemic  decomposition,  especially  in  connection  with  the 


* When  tnnnic  licid  is  present  in  leaves,  it  must  disengage  carbonic  acid  with 
absorption  of  oxygen.  In  this  manner  astringent  leaves  may  actually  take  up 
oxygen  and  giro  off  carbonic  acid. 

S H 
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preceding  properties,  seems  fully  to  establish  the  pre-exis- 
tence of  gallic  in  tannic  acid.* 

Tannic  acid  is  subject  to  still  another  change,  which  is  re- 
markable in  a physiological  point  of  view,  viz.,  its  conversion 
into  apotheme.  This  change  takes  place  both  in  and  beyond 
the  plant,  and  consists  in  a transformation  of  the  constituents 
of  tannic  acid,  which  is  attended  by  the  absorption  of  oxygen 
and  the  disengagement  of  carbonic  acid,  without  the  co-ope- 
ration of  any  organ  of  the  plant 

This  change  is  the  cause  of  the  brown  colour  of  barks  con- 
taining tannic  acid,  such  as  Peruvian  bark,  that  of  the  ches- 
nut  tree,  willow  tree,  oak  tree,  cinnamon  tree,  &c.  The 
chesnuts  themselves,  when  recently  taken  from  the  pericarp, 
appear  white,  but  they  soon  become  brown.  The  beautiful 

* Since  the  above  was  written,  AtuMer  has  established  a mnch  closer  relation 
between  the  tannic  and  gnilic  acids  than  is  indicated  in  the  text.  If  tannic 
acid  be  digested  in  diluted  muriatic  acid  at  212*  for  sererai  days,  in  a tube 
from  which  air  is  completely  excluded,  it  is  entirely  changed  into  gallic  add, 
without  the  production  of  any  other  substance.  This  observation  has  led  to  a 
new  analysis  of  the  tannic  acid,  from  which  the  formula,  C**  U*  0'^,  has  been 
deduced. 

The  change  of  the  tannic  into  gallic  acid  ((?  H’  0*,  or  (7  H’  O’  + 2H0) 


is  therefore  represented  as  follows  : — 

C H 

O 

To  I of  tannic  acid 

28  9 

17 

Add  3 of  water 

3 

8 

And  4 of  gallic  acid  remain 

28  12 

20 

— a conversion  which  is  very  simple. 

The  action  of  sulphuric  acid  upon  tannic  acid,  in  the  presence  of  the  air,  is 
to  convert  it  into  gallic  acid,  with  the  production  at  the  same  time  of  a qnan- 

tity  of  ellagic  acid  and  a blackening  of  the  liquid. 

The  ellagic  acid  is  pro- 

duced  from  the  tannic  through  the  influence  of  the  oxygen  of  the 

air.  Thus 

to — 

C H 

0 

1 of  tannic  acid  ... 

28  9 

17 

Add  2 of  oxygen  from  the  air 

... 

2 

28  9 

19 

And  deduct  5 of  water 

6 

6 and 

There  remain 

28  4 

14 

— which  are  equal  to  two  of  cUagic  acid,  C”  H*  0^ 

The  results  of  this  research  are  very  interesting,  and  are  detailed  in  >Iulder's 
Scheiiundige  UrUertuckungen,  iv.,  p.  840,  et  ttq. — J. 
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change  effected  in  mahogany  wood,  by  exposure  to  the  air, 
is  owing  to  the  same  cause. 

• In  such  barks,  therefore,  as  give  ready  access  to  the  air, 
tannic  acid  undergoes  the  same  change  as  when  a solution  of 
it  is  evaporated  in  the  air.  It  is  converted  into  apotheme 
The  browner  a bark  is,  the  less  tannic  acid  it  contains,  for  the 
acid  has  been  so  much  the  more  converted  into  apotheme. 

T.  Cinnamic  Acid. 

This  acid,  which  is  represented  by  the  formula  IJ7  Q* 
must  necessarily  contain  oil  of  bitter  almonds,  and  hence  it 
must  consist  of  H®  O^  + C^  HO.  Erdmann  and  Marchand 

observed  that  when  cinnamic  acid  is  heated  with  sulphuric 
acid  and  bi-chromate  of  potash,  oil  of  bitter  almonds  was  pro- 
duced, which  was  not  the  case  with  benzoic  acid  when  so 
treated  (Joum.  Bd.  26,  S.  497).  In  this  manner,  however, 
only  a small  portion  of  the  oil  of  bitter  almonds  can  be 
formed,  and  its  presence  may  serve  as  a means  of  distinction 
between  cinnamic  and  benzoic  acid  ; but  by  the  oxygen  that 
becomes  free  in  this  operation,  the  greater  part  of  the  oil  of 
bitter  almonds  must  be  converted  into  benzoic  acid.  This 
experiment,  however,  affords  a strong  proof  that  cinnamic 
acid  actually  contains  hydruret  of  benzyl,  and  that  it  is  con- 
sequently a complex  acid. 

The  conversion  of  cinnamic  acid  into  nitro-benzoic  acid,  by 
the  prolonged  action  of  nitric  acid,  leads  us  to  the  same  con- 
clusioa  (Bulletin,  1839,  p.  380.) 

Cinnamic  acid  is  an  oxidized  product  of  decomposition  of 
oil  of  cinnamon.  H®  Q2  (hydruret  of  cinnamyl)  is  formed 
by  the  replacement  of  one  equivalent  of  hydrogen  by  one  of 
oxygen,  that  is,  by  the  action  of  the  oxygen  of  the  air.  The 
oily  substance,  or  hydruret  of  cinnamyl  itself,  is  produced 
from  oil  of  cinnamon  in  the  following  manner: — 

C H O 

To  3 equiv.  of  oil  of  cinnamon,  60  33  6 

Add  6 of  oxygen,  ...  ...  6 

And  we  have,  60  33  12 
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which  are  equal  to — 

« resin,  ...  ...  30  15  4 

/8  resin,  ...  ...  12  5 1 

hydruret  of  cinnamyl,  18  8 2 

5 equiv.  of  water,  ...  5 5 

60  33  12 

Nothing  else,  therefore,  is  produced  naturally  in  the  bark  of 
cinnamon  but  0 + IIO  (hydrated  oil  of  cinnamon) ; 

and  the  whole  of  the  resins  and  cinnamic  acid  found  there 
are  products  of  the  oxidation  of  this  oil. 

Benzoic  acid,  0®,  is  unquestionably  produced  in  a 

similar  manner  in  benzoin.  The  volatile  oil,  however,  which 
is  first  converted  into  hydruret  of  benzoyl,  H®  02,  and 
subsequently  becomes  benzoic  acid,  by  the  oxygen  from  the 
air,  has  not  as  yet  been  isolated. 


IT.  Salicin  and  Phloridzin. 

1°  ITie  most  recent  experiments  of  Piria*  have  shown,  that 
salicin  consists  of  uncrystallisable  sugar  and  a peculiar  sub- 
stance which  he  calls  saligenin.  Thus — 

Glucose  (uncrystallizable  sugar),  H2®  0^® 

With  Saligenin,  ...  C-28  Hi®  0 8 

From  Salicin,  ...  IP®  0^8 

These  two  substances  may  be  separated  from  each  other  by 
means  of  synaptase.  After  having  been  in  contaet  for  some 
hours,  the  mixture  is  shaken  with  ether  and  then  allowed  to 
stand.  The  ether  dissolves  the  saligenin.  It  crystallizes  in 
large  shining  plates  ; produces  a substance  of  an  indigo-blue 
colour,  when  mixed  with  a salt  of  peroxide  of  iron  ; by  warm 
dilute  acids  is  converted  into  sali-retin ; by  nitric  acid  into 
picric  acid,  and  by  other  oxidizing  substances  into  hydruret 
of  salicyl.  By  the  action  of  weak  nitric  acid  upon  salicin,  a 
combination  is  produced  of  glucose  and  hydruret  of  salicyl, 
C®2  1135  031.  This  substance,  which  he  calls  helicin,  when 

*Comptc>>  Rcuduf,  24  Juillet,  1843,  p.  186. 
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treated  with  synaptase,  acids,  or  alkalis,  is  separated  into 
glucose,  hydruret  of  salicyl,  and  water.  Thus — 

Glucose,  C2i  H20  Q20 

Hydruret  of  salicyl,  ...  IG2  0® 

Water,  H3  0* 

HeUcin,  C52  H35  Q3i 

Piria  thinks,  that  when  oxidizing  substances  (such  as  bi- 
chromate of  potash  and  sulphuric  acid)  act  upon  salicin  and 
produce  hydruret  of  salicyl,  the  saligenin  must  lose  hydrogen, 
and  the  whole  of  the  glucose  must  be  oxidised. 

Salicin,  therefore,  is  a complex  substance,  and  saligenin 
(C28H^3  03  = 2 X H8  0^)  may  be  considered  as  a com- 
bination of  the  elements  of  water  with  those  of  hydruret  of 
benzyl,  H6  Q2  -|-  2110. 

It  appears  from  this,  that  benzoic  acid,  oil  of  spiraea, 
cinnamic  acid,  and  salicin,  contain  one  common  organic 
group.  The  two  last  bodies,  however,  are  complex  com- 
pounds. 

2°  Phloridzin,  C^2  H29  is  also  a complex  substance, 
which  is  in  so  fur  related  to  salicin  that  both  contain  fruit- 
sugar.  By  digestion  in  dilute  sulphuric  acid,  the  phloridzin 
is  decomposed,  the  fruit-sugar  is  dissolved  by  the  liquid,  and 
a substance  is  sejiarated,  known  by  the  name  of  phloretin 
(C30I115OW).  Thus— 

Phloretin  ...  C’30  1115  Qio 

Fruit-sugar  ...  C^~  lin  Qi-l 

Phloridzin  ...  C^2  H29  02t 

When  phloridzin  is  exposed  to  the  joint  action  of  ammonia 
and  oxygen,  the  process  by  which  orcein  is  prepared  from 
orcin,  it  yields  a fine  blue  substance,  which  Stass  has  called 
phloridzein.  Thus — 

Anhydrous  phloridzin,  C^2  j{23  Qis 
Ammonia,  ...  II  o N2 

Oxygen,  ...  O* 

Phloridzein,  012  1129^2  026 

Phloridzin,  therefore,  is  a complex  substance  containing  grape- 
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BUgar,  and  yet  it  forms  irith  ammonia  and  oxygen  a dark  blue 
product,  in  which  the  elements  of  this  sugar  are  present 
These  results  enable  us  to  form  an  idea  as  to  the  nature  of 
oiganic  groupa  It  is  evident  from  the  case  of  phloridzein 
that  these  groups  are  often  very  complex.  We  learn  from 
this,  in  the  second  place,  what  services  sugar  may  perform  in 
the  production  of  new  substancea  And  lastly,  it  teaches 
ns  how  variously  those  substances  may  be  composed  which 
are  developed  in  plants  as  colouring  mattera 

There  is  in  plants  a large  number  of  so-called  bitter, 
neutral  substances,  which  contain  no  nitrogen,  and  which 
are  classed  in  organic  chemistry  with  salicin  and  phloridzin. 
We  cannot,  however,  treat  of  them  here,  because  they  have 
not  been  sufficiently  studied.  To  these  belong  anemonin,  hes- 
peridin,  monesin,  myrrhdidin,  narcitin,  parin,  syringin,  lac- 
tucin,  smilacin,  stramonin,  taraxacin,  rumicin,  &c.  For  all 
these  I refer  to  the  manuals  of  Chemistry. 


X.  Succinic  Acid. 

This  acid,  which  is  represented  by  the  formula  H2  0*, 
may  be  formed  either  from  margaric  or  from  stearic  acid  by 
oxidation  with  nitric  acid.* 

It  may  also  be  produced  from  wax  in  the  same  way.  The 
wax  is  first  converted  into  an  oil,  which  subsequently  dis- 
appears, whilst  nothing  but  succinic  acid  is  left.i- 

If  for  myricin  we  assume  the  formula  H^o  0,  and  sup- 
pose the  whole  of  its  carbon  to  be  included  in  the  succinic 
acid,  then  we  have  5 II^  03  =.  0^5^  whence  it 

appears  that  10  equivalents  of  oxygen  are  required  to  oxidize 
10  equivalents  of  hydrogen  in  the  m3rricin,  and  14  of  oxygen 
to  supply  it  with  the  oxygen  necessary  to  convert  it  into  suc- 
cinic acid. 

The  succinic  acid,  therefore,  which  (according  to  Unver- 
dorben,  Bobat,  and  Lecanu)  is  found  in  amber,  and  in  the  re- 
sins of  living  coniferoe,  may  be  a product  of  the  oxidation  of 


* Liebig,  Chimie  Organique,  p.  543. 

f Bonald*,  in  Ann.  dvr  Chem.  und  Pbarmacie,  Bd.  43,  L.  354. 
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some  waxy  or  fatty  substance  in  planta  We  have  the  more 
reason  to  attach  some  importance  to  this  view  of  the  produc- 
tion of  succinic  acid,  because  it  exists  in  old  cumin-oil,  where 
it  is  unquestionably  a product  of  oxidation.* 

In  whatever  plants  it  is  found,  it  always  exists  in  the  ex- 
ternal parts, — in  those  to  which  the  air  has  ready  access, — 
and  there  it  is  mixed  with  resins  which  we  know  to  be  pro- 
duced by  oxidation. 


T.  Ethereal  Oih. 

Ethereal  oils  and  resins  are  connected  as  regards  their  ori- 
gin ; for  the  latter  are  produced  from  the  former  by  the  in- 
fluence of  the  oxygen  of  the  air.  Ethereal  oils  are  for  the 
most  part  formed  by  the  change  of  materials  which  takes 
place  in  the  leavea  In  mint  and  similar  plants  the  oil  is  in 
the  leaves,  and  is  there  preserved,  because  the  plant  is  full  of 
watery  liquid.  This  production  of  oil  is  accompanied  by  the 
disengagement  of  oxygen  from  a substance  in  the  leaves  with 
which  we  are  unacquainted.  In  fennel  and  anise  plants  this 
formation  of  ethereal  oil  also  takes  place  in  the  seed,  which 
must  therefore  give  off  oxygen  during  the  ripening.  In  roses 
and  other  plants  the  same  function  is  performed  in  the 
flowers ; and  hence  it  is,  doubtless,  that  odoriferous  flowers 
emit  oxygen.  True  it  is,  that  ethereal  oil  is  also  found  in 
calamus  and  some  other  roots,  but  the  examples  of  such  a 
function  in  the  roots  are  far  less  numerous  than  of  its  occur- 
rence in  leaves  and  fruits,  in  a word  in  those  parts  which  give 
off  oxygen.  The  ethereal  oils  diffused  through  the  sap  descend 
fromtheleavesthroughthebark,  and  supply  to  these  the  oils  that 
are  found  there  either  unchanged, — for  instance,  oil  of  cinna- 
mon, turpentine,  &c.  ; or  in  an  oxidized  state,  as  resins,  gum- 
resins,  and  balsams, — for  instance,  benzoin,  Peru-balsam,  sto- 
rax,  &C. 

The  best  known  ethereal  oils  are  the  following : — 

1.  Oil  of  elemi,  H8  (Deville.) 

2.  Oil  of  lemons,  H8(Blanchet  and  Sell) 

3.  Oil  of  oranges,  C i®  H 8 (Voelckel.) 

* Chev&lier  in  Joum.  de  Chim.  AUdicale,  1828,  Jan. 
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4.  Ollofcopalbabalsam,  C'®  H 8 (Soubciran  and  Capitaine.) 

6.  Oil  of  calamus,  H®  (Schnedermann.) 

6.  Oil  of  fennel,  (Cahoura) 

7.  Oil  of  juniper,  (Soubeiran  and  Capitaina) 

8.  Oil  of  cubebs,  H12  (Soubeiran  and  Capitaine) 

9.  Oil  of  cloves,  C^o  Hi®. 

10.  Oil  of  turpentine,  C-®  IP®  (Dumaa) 

11.  Oil  of  aabine,  C®®  Hi®  (Dumas,  Laurent.) 

12.  Oilof  black  pepper,  C'-l®  Hi®  (Soubeiran  and  Capitaine) 

13.  Oil  of  pennyroyal,  Cl®  II®  0 (Kane) 

14.  Stearopt  of  the  oil  of  basilieum,  C^®  Hi®  + 6 H 0 
(Dumas  and  Pcligot.) 

15.  Oil  of  rpsemary,  C^®  H®®  Q2  = 9 (C^  H<)  + 2 H 0 

(Kane) 

16.  Oil  of  bergamot,  3 (Cl®  H®)  + 2 II  0 (Ohine) 

17.  Caryopbyllln,  C^®  111®  q2  (Dumaa) 

iQ  <•  1 • ( Borneen  Ci®H®0*) 

18.  Oilof  valerian,  | Valerol  C12  H”  Q2  } ) 

19.  Oil  of  cajeput,  C'l®  II®  0 (Blanchet  and  Sell.) 

20.  Oil  of  olibanuin,  C®5  H®1  0 (Stenliouse.) 

f . f Cyminum  C2®  Hiif ) (Gerliardt  and 

21.  Oil  of  cum, n,  | Cahours.) 

22.  Tolen  (the  volatile  oil  of  Tolu-balsam),C2t  lIi®(Deville) 

23.  Stearopt  of  rose  oil,  C II  (Blanchet  and  Sell.) 

24.  Stearopt  of  oil  of  peppermint,  C‘2®  H2®  0^  (Walter.) 

25.  Oil  of  rue,  C2®  H®®  0®  (Will.) 

26.  Stearopt  of  oilnf  maijorum,  C^  Hi®  0®  (Mulder.) 

27.  Stearopt  of  oil  of  nutmeg,  Cl®  Hi®  0®  (Mulder.) 

28.  Oilof  cinnamon,  C20  HH  02  (Mulder.) 

29.  Concrete  oil  of  anise  (also  in  star  anise  and  fennel), 
C20  H12  02  (Dumas,  Cahours,  Blanchet,  and  Sell) 

80.  Oil  of  spiraea  (salicylous  acid)  C^  II®  0®  + H 0 (Piria.) 

31.  Cinnameln  (in  Peru  and  Tolu  balsam),  C'H  H"  0* 

(Fremy.) 

32.  Helenin,  Ci®  Hi®  02  (Gerliardt.) 


• Valerianic  acid  is  C"*  II*  O’.  It  seems,  therefore,  to  be  formed  in  tho 
plant  from  bomcen  + 0*. 

f According  to  dc  Lalandc,  the  same  oil,  haring  the  same  properties,  is  ob> 
tained  when  camphor  is  distilled  with  anhydrous  phosphoric  acid. 
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33.  Oil  of  cina-seed  (twooilsunequally  volatile),  Cl®  H15  0* 

(Voelckel.) 

34.  Cubebin,  H*  06  (Soubeiran  and  Capitaine.) 

35.  Oil  of  sage,  distilled  at  266°  F.  C'*  H®  0(Roehleder.) 

“ at266°to284°Ci8  H15  02 

“ at  302°  F.  C12  Hio  O 
==  2 (C«  H24)  O 
3(C«  H6)  02 
2(C«  H5)  O 

36.  Anemonin,  0*  (Fehling.) 

37.  Oil  of  origanum,  C*®  0 (Kana) 

38.  Coumarin  (stearopt  from  Tonka  beans),  H7  0<* 

(de  Lalande.) 

39.  Oil  of  artemisia,  C82  H2i  0*  (Laurent) 

40.  Oil  of  cedar  (solid)  C32  H26  02  (Walter.) 

do.  (liquid)  C®2  02* 

41.  Stearopt  of  bergamot  oil,  C*  HO  (Mulder,  Ohme.) 
Although  we  know  little  as  yet  of  the  history  of  the  ethe- 
real oils,  we  are  warranted  to  consider  the  following  facts  as 
established : — 

We  find  in  them  the  following  hydro-carbons: — 

C2  H as  in  No.  31. 

03  H Ifo.  41. 

05  H* No.  1 to  19. 

0 H No.  23. 

Only  part  of  these  contain  no  oxygen,  as  Nos.  1 to  12. 
Others  are  oxides  or  hydrates  of  this  combination,  as  Nos. 
13,  14,  and  15,  or  hydrated  oxides,  as  No.  30. 

Those  that  deviate  from  this  simple  composition  may  be 
mixtures  of  two  or  more  others,  for  it  is  very  difficult  to 
obtain  them  in  a pure  state. 

It  cannot  be  doubted  that  the  hydro-carhons  here  enume- 
rated ought  to  be  called  radicals,  for  as  such  they  form  com- 
binations with  other  substances,  such  as  hydrochloric  acid. 
Their  elements  however,  cohere  so  slightly,  that  part  of  the 

• Thii  differs  from  cinnsmic  »cid  (C*  ir  O*)  only  by  one  equiralent  of 
oxy^n.  When  coumarin  U treated  with  potash,  an  equiralent  of  hydrogen 
la  driren  off,  and  conmaric  acid,  C**  H'  O*,  produced. 

3 H 2 
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hydrogen  may  be  easily  exchanged  for  oxygen,  the  rest  re- 
maining behind.  An  instance  of  this  may  be  given  in  the 
production  of  the  resins  of  the  turpentine,  H*o  0*,  which 
have  been  formed  from  8 x C®  H*  = C*®  H*2. 

For  this  reason,  the  ethereal  oils  in  plants  are  frequently 
altered  by  the  influence  of  the  air,  and  it  is  difficult  to  obtain 
them  in  the  same  state  in  which  they  originally  existed  in 
the  plant. 

There  can  be  no  doubt  that  the  substances  from  which  the 
ethereal  oils  in  plants  arc  produced  belong  to  the  general 
constituents  of  plants,  for  we  find  them  every  where.  Now, 
seeing  it  may  be  considered  as  proved  that  fats  are  produced 
from  starch,  and  since  ethereal  oils  are  in  so  far  similar  to 
fats  that  they  contain  little  oxygen — and  must,  therefore, 
have  been  formed  under  similar  circumstances, — we  may 
safely  conceive  that  they  originate  from  one  of  the  soluble 
combinations  of  H®  0®,  + H O,  (starch,  dextrin,  &c.,) 
through  its  exposure  to  the  general  de-oxidising  influence 
which  prevails  in  planta  At  present  we  cannot  go  farther. 

This  conception,  however,  excludes  the  idea  that  there 
should  be  a variety  of  tecreting  organs  corresponding  to  the 
variety  of  ethereal  oils.  On  the  contrary,  we  ascribe  all  their 
difierences  to  small  modifications  of  the  circumstances  by 
which  the  same  cellular  contents  may  be  influenced, — in  the 
same  manner  as  a slowly  burning  substance  may  yield 
quite  difierent  products,  merely  in  consequence  of  small  dif- 
ferences of  temperature.  Tlie  nature  of  the  combinations  of 
carbon  and  hydrogen,  with  or  without  oxygen,  is  as  much 
determined  by  the  impression  which  is  imparted  to  the  ele- 
ments by  the  continual  loss  of  oxygen  expelled  from  the 
plant,  as  the  temperature  to  which  wood  is  exposed  deter- 
mines whether  it  shall  yield  acetic  acid  and  difierent  gaseous 
and  liquid  hydro-carbons,  or  simply  carbonic  oxide,  carbonic 
acid,  water,  ammonia,  and  carbon. 

We  need  scarcely  point  out  that  the  formation  of  ethereal 
oils  in  plants  is  an  abundant  source  of  the  oxygen  disen- 
gaged. If  they  are  directly  or  indirectly  produced  from 
C12  H®  0®  -h  H O,  then  there  is  certainly  an  opportunity 
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fur  the  production  of  various  new  substances,  but  a large 
quantity  of  oxygen  will  at  the  same  time  be  sot  free ; — for, 
writh  the  exception  of  the  small  portion  of  acids,  which  are 
but  sparingly  found  in  plants,  and  exist  in  considerable 
quantity  only  in  fruits, — there  are  no  substances,  or  at  least 
none  of  general  occurrence,  that  contain  so  much  oxygen  as 
the  group, 

C12  H*  0®  + H 0 (Starch,  dextrin,  sugar,  fee.) 

When  from  this  a compound  H*  is  produced,  there  remains 
C7  H5  0® ; that  is,  a group  containing  nearly  as  much  oxygen 
as  tartaric  acid,  C®  0^®, — an  acid  in  which  more  oxygen 

is  present  than  in  any  other  organic  acid,  with  the  single  ex- 
ception of  oxalic  acid.  For  whatever  purpose,  therefore,  the 
group  C7  115  0®  may  be  employed,  whatever  substance  may 
be  formed  from  it,  oxygen  must  be  liberated,  because  all  that 
can  be  produced  from  it  contains  le*$  oxygen. 

If,  however,  we  consult  observation,  we  find  that  the  for- 
mation of  ethereal  oils  is  not  attended  with  these  secondary 
productions.  In  pine-wood,  for  instance,  we  find  no  secondary 
product  at  all,  much  less  one  of  which  the  quantity  can  be 
compared  with  that  of  the  produced  oil  of  turpentine, — for 
the  resin  is  a product  of  oxidation  from  the  oil  itself.  We  are 
therefore  warranted  in  concluding,  that  whatever  substance, 
by  its  de-oxidation,  may  give  rise  to  the  production  of  ethe- 
real oils,  it  in  most  coses  yields  no  other  product, — and  that, 
if  the  oil  is  one  of  the  class  C5  H*,  the  decomposition  of  5 x 
C12  H»  O®  = C60  0«  + 3 H 0 = CsoH^®  0^®,  must 

produce  12  x C®  H‘  = C®®  and  consequently  48  equi- 
valents of  oxygen  must  be  disengaged. 

A great  number  of  ethereal  oils  are  mixtures  of  two  dif- 
ferent ones,  one  of  which  has  generally  a greater  tendency  to 
combine  with  oxygen,  and  sometimes  to  fonn  a stearopt,  than 
the  other.  In  such  a case,  the  oil  seems  to  have  originated 
not  from  one  but  from  a mixture  of  two  substances. 

The  ethereal  oils  that  contain  nitrogen  are  compound 
groups,  produced  by  -the  de-oxidation  of  at  least  two  sub- 
stances ; — but  from  what  substance  their  nitrogen  has  been 
derived  we  have  no  ground  for  stating.  They  do  not  appear 
to  occur  as  such  in  the  plant. 
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Lastly,  caoutchouc,  which,  according  to  Faraday’s  analysis, 
has  the  composition  H®,  may  in  some  degree  be  consi- 
dered as  related  to  ethereal  oils  in  its  origin,  because  it  repre- 
sents an  analogous  group.  It  is  known  that  this  caoutchouc 
is  of  general  occurrence  in  plants  containing  milk-sap^ 

Z.  Fait. 

It  may  be  considered  as  sufficiently  established  that  many 
fats  in  plants  are  formed  from  starch,  through  the  influence 
of  de-oxidising  agenciea  When  it  has  accumulated,  or  where 
it  is  not  subject  to  this  influence,  it  is  either  partly  or  not 
at  all  conrerted  into  fat  (see  p.  26i).  We  cannot  assert  that 
aU  fats  originate  from  starch,  because  the  fact  has  not  yet 
been  proved  by  observation. 

As  r^rds  this  production  of  vegetable  fats  and  their  mn- 
tual  relations,  enough  has  been  said  at  p.  247.  I therefore 
refer  to  that  place,  and  I would  here  only  state, — as  being  in 
connexion  with  W’hat  has  been  said  respecting  the  ethereal 
oils, — that  the  radical  of  by  far  the  greater  number  of  fats  ap- 
pears to  be  CH,  and  that  they  may  therefore  in  this  re^)ect 
be  compared  with  the  stearopt  of  nutmeg  oil,  Ci*  H'*  (P, 
and  with  the  oil  of  ruta  graveolens  (garden-rue)  C*8  H*®  0*. 
Myristic  acid,  for  instance  (p.  250),  has  the  composition 
H28  08  -1-  HO. 

Although  the  vegetable  fats  difier  from  the  ethereal  oils 
both  in  chemical  character  and  properties,  yet  the  origin  of 
both  is  intimately  related,  inasmuch  as  they  seem  to  be  pro- 
duced from  the  generally  diffused  group  0*,  although 

from  different  members  of  this  group. 

A A.  Re$ini. 

I have  already  more  than  once  remarked  that  resins  are 
produced  from  ethereal  oila  This  appears  in  the  most  obvious 
manner  from  the  mode  in  which  the^)^  are  found.  From  oil 
of  tur{>entine,  for  instance,  after  all  the  resin  has  been  sepa- 
rated by  distillation,  the  same  resins  may  be  prepared  as 
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those  obtained  from  pine-wood.  There  are  many  oxidizing 
influences  by  which  ethereal  oils  are  converted  into  resins. 
The  natural  balsams,  which  are  mixtures  of  resins  and  oils, 
are  in  course  of  time  entirely  changed  into  resins. 

A knowledge  of  balsams  and  resins  is  of  great  importance 
in  throwing  light  upon  the  ethereal  oils.  We  learn  from  peru- 
balsam,  storax,  &;c. — which  have  been  formed  in  the  plant 
firom  oil  alone  by  the  action  of  the  air, — what  a complete 
mixture  it  must  have  been  that  gives  rise  to  the  existence 
of  so  many  diflerent  substances  ; for  these  substances  have 
been  produced  from  the  oil  by  lAe  same  influences,  and  can- 
not therefore  have  originated  from  one  radical  Gum  lac, 
gniacum,  copal,  and  various  others,  equally  indicate  that  the 
oil  which  has  produced  these  compound  mixtures  must  itself 
have  been  of  a complex  nature. 

We  need  not  remark  that  these  resins  owe  their  existence 
to  ethereal  oils,  which  have  a very  great  tendency  to  absorb 
oxygen,  by  which  they  differ  from  many  other  oila  It  has 
already  been  stated  (p.  816),  that  part  of  the  hydrogen  only 
is  replaced  by  oxygen. 

For  the  last-named  reason  it  is  not  difficult  to  judge  of  the 
composition  of  the  oil  from  which  a certain  resin  has  been 
produced.  From  what  we  know  of  the  resins  of  benzoin,  it 
appears  that  in  some  of  them  the  substitution  of  oxygen  for 
hydrogen  may  amount  to  a considerable  proportion. 

^ Resin  of  benzoin,  H23  Q9  = C*o  (H32  _ H9)  0». 
Nine  equivalents  of  hydrogen  in  8 x C®  H^,  have  therefore 
been  replaced  by  nine  of  oxygen.* 

7 Resin  of  benzoin,  C®®  0®  = C30  (H2<  — H^)  0*  -h 

O.  In  this  case  four  equivalents  of  hydrogen  from  6 X C® 
H*  -f  O have  been  replaced  by  four  of  oxygen.  The  a resin 
of  benzoin  is  a combination  of  tlie  two  former,  = H28 

09  -p  C80  H20  05  = C70  H«  Qi*. 

To  this  class  belongs  also  the  electro-negative  resin  of  co- 
paiva  balsam,  of  which,  according  to  Fehling,  the  formula  is 
040  1127  0®  -t-  no  ; for  C^o  (H32  — H5)  0®  is  equivalent  to 

* I have  deducted  one  equir.  of  hydrogen  from  the  formula  of  Van  der  Vliet 
(Bulletin,  1839),  vbicb  agreea  with  the  results  of  the  analyses. 
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8 X C6  H*  + 0®, — 5 equivalents  of  hjdrogen  replaced  by  5 
of  oxygen. 

According  to  Filhol,  the  a,  y,  and  i,  resins  of  copaiva  bal- 
sam are  oxides  of  8 times  the  radical  C®  U^,  in  which  only 
one  equivalent  of  oxygen  has  been  substituted  for  one  of  hy- 
drogen. 

“ I C«>  0® 

7 C<o  H31  0» 

I C<o  H31  02 

The  same  remark  applies  to  the  crystallisable  resin  of  co- 
paiva balsam,  which,  according  to  H.  Rose,  is  represented  by 
the  formula 

C«  H85  0*  = 9 X C®  = C«  (H»6  — H)  0*. 

The  composition  of  sylvic  acid  (obtained  from  turpentine, 
by  Trommsdorflf),  of  pinic  acid  (from  turpentine,  by  H.  Rose), 
of  colophan  (from  colophonium,  by  Blanchet  and  Sell),  and 
of  a resin  of  copaiva  (by  H.  Rose),  is  represented  by  the  fol- 
lowing formula : — 

Cto  Hso  0*  = C<o  (H32_  H2)  0* 

— in  which,  therefore,  two  equivalents  of  hydrogen  are  re- 
placed by  two  of  oxygen,  whilst  the  two  remaining  equiva- 
lents must  be  considered  as  oxidising  oxygen. 

According  to  Hess,  the  composition  of  betulin  is 
C20  H17  04  = 4 X C®  IH  + 03  -J-  HO. 

According  to  IL  Rose,  the  resin  of  elemi  is  represented  by 
the  formula 

C20  hi6  02  = 4 X C®  114  + 02. 

To  the  resins  which  can  be  reduced  to  these  simple  fonnuhe 
belong  the  crystallised  resin  of  Euphorbium, 

C14  H12  0 (H.  Rose)  = Ci®  Hi2  O (?) 

—the  resin  from  Tolu  balsam,  Hi®  0®  (Deville),  In  which 
balsam  Deville  found,  besides  cinnamein,  and  benzoic  and 
cinnamic  acids,  a peculiar  oil,  having  the  composition  C2*  lit*. 
If  we  calculate  for  the  resin  the  formula  C24  H’*  O',  which 
also  agrees  with  the  result  of  the  analysis,  then  we  have  (^* 
(H18  — II5)  07,  or  6 X C4  H3,  in  which,  therefore,  5 equiva- 
lents of  hydrogen  would  be  replaced  by  5 of  oxygen ; and, 
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consequentif,  the  resin  contains  2 equivalents  of  oxidizing 
oxygen  and  5 replacing  an  equal  number  of  equivalents  of 
hydrogen. 

The  nature  of  the  isolated  groups  of  resins  which  are  found 
in  some  isolated  cells  is  not  yet  known.  It  is  probable  that 
these  have  also  been  formed  from  ethereal  oils  by  the  action 
of  oxygen  supplied  from  adjoining  parta  In  the  same  man- 
ner, the  aloe  resin  in  the  elongated  cells  may  have  been  for- 
med from  some  ethereal  oil  oxidised  by  the  oxygen  which 
is  disengaged  in  the  interior  of  the  plant,  and  thus  the  oxy- 
gen from  the  atmosphere  is  not  always  a requisite  fur  the 
transformation  of  ethereal  oils  into  resina 

BB.  Vegetable  Allalts. 

Tliis  class  of  bodies  is  as  yet  but  little  known.  Although 
we  are  well  acquainted  with  their  composition  in  the  hun- 
dred parts,  yet  almost  no  investigations  have  been  made 
into  their  constitution.  As  it  was  found  that  the  capacity 
of  saturation  was  not  regulated  by  the  number  of  equivalents 
of  oxygen,  but  by  those  of  nitrogen,  it  has  been  thought  that 
they  are  composed  of  a non-nitrogenous  group  and  ammonia. 
This  opinion  is  in  accordance  with  the  combinations  which 
all  these  bodies  form  with  chloride  of  platinum.  The  com- 
position of  some  of  these  alkalis  is  certainly  such  that  they 
may  be  considered  as  different  oxides  of  the  same  radical.  If, 
for  instance,  we  eliminate  the  nitrogen  from  the  formula  in 
the  state  of  ammonia,  we  find  a very  simple  relation  between 
cinchonin  and  chinin. 

Cinchonin,  C20  H12  N 0 = C20H9Q  N H8 

Chinin,  C20  Hi  2 N Q2  = C20  Q2  N H3 
And  if  we  take  into  account  an  equivalent  of  water,  this 
being  usually  present  in  these  compounds,  then  we  find — 
Cinchonin  = C2®  H® 

Chinin  = C20  H8  O 

A similar  relation  exists  between  codein  and  morphin : 
Codein,  C^s  H20  N Q5  = CSS  Hi?  05  -p  N H3 
Morphin,  C35  R20  N 06  = C35  Hi?  0«  -p  N H3 
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And  if  here  also  we  subtract  an  equiTalent  of  water,  we 
have  for — 

Codein C85  Hi«  0* 

Morphin C85  Hie  0® 

Between  these  vegetable  alkalis,  therefore,  the  same  simple 
relation  exists  as  between  protein  and  its  bi-  and  tri-oxide 
But  we  are  yet  far  from  having  discovered  by  this  reason- 
ing the  nature  of  these  bodies.  Yet  we  shall  first  analyse 
some  of  them  according  to  this  view  : 

Strychnin,  C«  H24  N2  0 * = H 16  0 2 -f-  2 (N  H8  -|-  HO) 

Brucin,  C«  H26  N2  0 7 = C«  Hi7  0 « -f  2 (N  H8  + HO) 

Narcotin,  C<<>  H2o  N Q12  = C*<>  Hi6  0”  + N H8  -p  HO 

Piperin,  C3*  Hi»  N 0 « = C3*  Hi5  0 s -j-  N H8  -p  HO 

Jemin,  C«o  H^5  N2  0 6 = Ceo  H87  0 8 ^-  2 (N  H8  -p  HO) 

Berberin,  C<2  H26  N O^e  = C*2  H22  Qis  -p  N HS  + HO 

Chinovatin,C^8  H27  N2  0 8 = C<8  Hi9  O « -P  2 (N  H8  -p  HO) 

Harmalin,  C24H18N20  = C2<  H « -P  N2H« -p  HO 
We  see,  from  this  enumeration,  that  the  non-nitrogenous 
constituent  of  strychnin,  C^*  IH8  Q2,  and  that  of  brucin, 
C*4  IH7  0®,  if  It  really  exists  in  them,  may  be  represented  by 
H78  02  and  C**  H^®  02  -p  02  -p  HO,  and,  therefore, 
that  there  seems  to  be  a relation  between  them  as  simple  as 
that  between  codein  and  morphin,  and  between  cinchonin 
and  chinin. 

In  narcotin  we  again  find  the  same  simple  relation.  Its 
composition  is  represented  by  the  formula : 

C40  Hi«  on, 

and  if  we  place  beside  this  the  formulae  for  cinchonin  and 
chinin  doubled,  we  have  : 

Cinchonin, C^®  H78 

Chinin,  C<«>  H16  Q2 

Narcotin,  C«  Hi«  On 

As  to  the  others  we  can  at  present  say  nothing. 

Although  I have  thus  reduced  the  vegetable  alkalis  to  non- 
nitrogenous  substances,  and  represented  the  nitrogen  in  tlie 
form  of  ammonia,  I must  expressly  mention  that  in  doing  so 
my  only  intention  has  been  to  afford  an  easier  view  of  the 
relation  of  their  elementa 
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Liebig  has  made  an  experiment,  -which  is  conclusive 
against  the  presence  of  ammonia  in  these  bodies.  According 
to  this,  vegetable  alkalis,  when  decomposed  by  means  of  nitric 
acid,  do  not  yield  nitrate  of  ammonia,  which  they  ought  to 
do  if  they  contained  ammonia  He  thought  that  they  might 
be  compounds  of  amid,  but  this  again  is  disproved  by  their 
not  yielding  ammonia  with  caustic  potash. 

Bedtenbacher  and  Wertheim  have  undertaken  an  exten- 
sive investigation  of  these  substancea  As  a preliminary 
result  of  the  composition  of  piperin  they  mention  (Annalen 
der  Chemie  und  Pharmacie,  Mai  1845,  S.  254)  that  piperin 
is  to  be  considered  as  a neutral  compound  of  a nitrogenous 
add  -with  anilin.  Narcotin,  on  the  contrary,  should  be  a neu-. 
tral  compound  of  a non-nitrogenous  acid  with  a peculiar  base. 
The  narcogenin  of  Blyth  is  the  corresponding  basic  com- 
pound. We  must  therefore  refrain  from  forming  any  opi- 
nion about  the  constitution  of  the  vegetable  bases,  until  fur- 
ther investigations  shall  have  furnished  us  with  further 
grounds  upon  which  we  may  build  a theory  of  their  proper 
nature.* 

We  have  before  remarked  that  these  vegetable  alkalis  ob- 
tain their  nitrogen  from  protein  decomposed  in  the  plant. 
Now,  although  they  contain  no  ammonia,  yet  they  may  very 
well  have  been  formed  from  some  non-nitrogenous  body  and 
ammonia,  as  orcein,  phloridzin,  &c.,  are. 

There  ore  a few  volatile  alkalis,  which  contain  no  oxygen, 
▼iz. : 

Narcotin  (Ortigosa),  Cio  N®  N. 

Conicin  (Ortigosa),  Nl®  N. 

Some  of  these  vegetable  alkalis  have  already  been  imitated 
by  art,  and  we  have  reason,  therefore,  to  expect  that  here- 
after further  light  will  be  thrown  upon  their  nature. 

The  following  substances,  although  they  are  not  alkalis, 
may,  I think,  be  most  appropriately  mentioned  here. 

* Since  the  rcecarches  here  alluded  to  were  published,  the  fonnaln  for  the 
nrganie  sicalis  hare  been  called  in  question  by  Laurent  and  others,  so  that 
both  the  constitution  and  the  composition  of  these  bodies  may  be  considered 
at  still  (Sept.  1848)  in  some  measure  undetermined. — J. 

3 I 
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Amygdalln,  C<0  H27  N 02*. 

When  treated  with  an  alkali,  this  body  loses  an  equivalent  of 
ammonia  and  takes  up  two  equivalents  of  water  to  form 
amygdalic  acid, 

C*0  H26  024  = C40  H2r  N Q22  + H2  Q2  — N H*. 

This  amygdalin,  therefore,  is  a compound  of  ammonia.  When 
treated  with  synaptase,  amygdalin  is  decomposed  into  prussic 
acid,  oil  of  bitter  almonds,  sugar,  &c.,  and  it  must  therefore 
not  be  confounded  with  vegetable  alkalia  It  is  probably 
however,  that  it  is  produced  under  circumstances  similar  to 
those  which  determine  the  production  of  these  alkalis. 

Caffein,  thein,  guaranin,  all  represented  by  the  formula  G* 
-II®  N2  Q2,  are  not  to  be  considered  as  compounds  of  ammo- 
nia any  more  than 

Theobromin,  C2  H®  N®  02. 

Asparagin, — C*  H®  N2  0® — must  contain  ammonia,  for  by 
an  alkali  it  is  converted  into  asparagic  acid  ; — 

C®  II®  N 0®, 

and  in  this  change  loses  ammonia  The  elements  of  one-half 
of  the  ammonia,  however,  are  present  in  some  other  form. 

CC.  Colouring  Substances. 

It  is  an  evident  proof  of  the  existence  of  gaps  in  Chemis- 
try, tis  it  at  present  is,  that  a class  of  substances  has  been 
formed  and  named  from  their  property  of  being  coloured, 
just  as  if  in  inorganic  chemistry  the  chromates  were  desig- 
nated as  a distinct  class  because  they  are  coloured. 

The  colouring  substances  are  still  but  imperfectly  known. 
Many  of  them  are  colourless  whilst  they  are  in  the  plant, 
but  become  coloured  under  the  influence  of  alkalis  and  the 
oxygen  of  the  air.  Ammonia  can  combine  with  some  ofthem* 
and  purple  or  blue  substances  are  formed,  which  contain  no 
longer  any  ammonia,  but  its  elements.  Others  absorb  oxy- 
gen, and  assume  a colour  through  the  influence  of  potash 
and  soda,  for  instance  : — 

Hiiinatoxylin  C4®  10"  Ol®  Becomes  red  by  absorption  of 
(Erdmann)  oxygen. 
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Brazclin*  ...  C36  0^2  Becomes  red  by  the  action  of 

(Frcisscr)  potaah  with  alworplion  of  oxygen, 

and  U then  converted  into 

Brazclcin  ...  C**  IB*  0**  of  a red  colour. 

(PreUser) 

Carthamin  ...  C‘2®  H ® 0 5 Becomes  red  by  the  action  of 
(PreUser)  potash  and  with  absorption  of  oxy- 

gen, and  is  then  converted  into 

Carthamein  ...  H ® 0 ^ of  a red  colour. 

(Preiaser) 

Santalin,  in  the  colourless  state,  is  unknown. 

Santalein  ...  C®  H ® 0^2  Red,  and  may  be  made  colour- 
(Pelletier)  less  through  the  influence  of  sulphu- 

retted hydrogen. 

Quercitrin  ...  0^2  H'5  Qit  Becomes  yellow  in  the  air,  with 
(Preisser)  absorption  of  oxygen,  and  produces 

Quercitrein  ...  C®2  IBS  0*®  of  a yellow  colour. •f' 

(Preisser) 

Spirein  ...  C*®  H ® 0 “ is  of  a yellow  colour. 

(Liowig  and  Weidmaun) 

These  and  others  contain  no  nitrogen.  They  may  be  de- 
veloped in  all  parts  of  a plant.  They  exist  originally  in  the 
plant  in  an  uncoloured  state,  but  they  are  coloured  by  the 
absorption  of  oxygen,  and  at  the  same  time  they  undergo  a 
change,  which  is  a simple  oxidation. 

One  of  the  substances  which  are  coloured  by  the  combined 
influence  of  ammonia  and  oxygen,  but  are  colourless  them- 
selves, is 

Lecanorin  (Schunk)  C*®  II®  0*. 

When  this  substance  is  boiled  with  baryta,  it  loses  2 equiva- 
lents of  carbonic  acid,  and  forms  orcin,  II®  0*,  which  in 
its  turn  is  converted  into  a fine  blue  coloured  substance,  called 
orcein,  by  the  absorption  of  oxygen  and  ammonia.^  This 
change  is  similar  to  that  effected  in  phloridzin,  when  it  is  con- 
verted into  phloridzein  (p.  811),  and  in  this  manner  artifi- 
cially coloured  substances  are  formed,  which  are  no  doubt  si- 
milar to  those  occurring  in  some  flowers. 

* Jour,  dc  Pliarui.  cl  de  Cbimio,  Mars  el  Avril,  1844. 

+ Ballcu  had  found  for  this  the  formula  C‘  IP  O". 

J See  regarding  Ervthrylin,  C*  H"  0*;  and  Pioccllin,— Kane,  in  Amial.  de 
Chun,  el  de  Physhiuc,  3 series,  Tome  ii.,  p.  1. 
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Finally,  we  must  notice  white  indigo,  H®  N 0,  which, 
by  absorption  of  oxygen,  is  converted  into  the  blue  indigo, — 
C16  H5  N 02+H0, 
by  mere  exposure  to  the  air. 

This  brief  enumeration  of  these  substances  induces  us  to 
conclude,  that  the  coloured  substances  of  plants  are  produc- 
ed by  the  oxidation  of  colourless  bodies ; that,  therefore, 
these  require  oxygen  to  obtain  their  colour ; that  this  oxy- 
gen is  absorbed  from  the  air,  and  that  consequently  thin 
objects,  such  as  the  petals,  if  they  contain  such  a colourless 
body,  will  more  readily  become  coloured  the  thinner  they  are. 

Nothing  can  be  advanced,  with  even  the  smallest  d^ree 
of  probability,  regarding  the  origin  of  all  these  substancea* 
The  greater  part  of  them  are  at  present  even  entirely  un- 
known, whilst  others  have  not  been  analysed  either  with  suf- 
ficient care,  or  by  chemists  whose  results  can  be  completely 
trusted.  Latterly,  scientific  men  have  been  much  more  occu- 
pied in  exposing  organic  substances  to  various  influences, 
and  producing  from  them  derived  bodies,  than  in  investigat- 
ing what  combinations  exist  in  planta  It  remains,  never- 
theless, a matter  of  the  highest  importance  to  obtain  a know- 
ledge of  these  bodies  in  the  state  in  which  they  appear  by 
changes  in  the  contents  of  the  cells ; — a matter  of  higher 
importance,  in  my  opinion,  than  to  know  the  nature  of  naph- 
thaline, and  what  products  it  can  be  made  to  yield.  Since 
chemistry  is  a science  of  such  an  amazing  extent,  they  who 
study  it  will  certainly  not  be  exclusively  directed  by  a strife 
for  utility ; but  yet  a choice  must  be  made,  and  when  forced 
to  do  so,  they  ought  to  prefer  to  all  other  substances  those 
which  can  contribute  to  explain  the  operations  of  Nature; 
for  Nature  ranks  above  Artf 

* Meycn,  Phfg.  ii.,  p.  428,  has  collected  a great  number  of  intcreating  £ku 
regarding  colouring  substances. 

■)*  Since  the  above  was  written,  a considerable  amount  of  labour  baa  been 
spent  ui>on  the  colouring  substances  b^  various  ebemista.  Mulder  baa  bus- 
self  Investigated  and  added  much  to  our  knowledge  of  the  remarkable  acids — 
the  chrysamminic,  aloetinic,  and  aloe-resinio — obtained  by  the  action  nitric 
acid  upon  aloes.  But  the  greatest  number  of  new  bodies  of  ibis  class  baa  been 
described  by  Dr.  Stenhouse.  Of  those  I subjoin  such  names  and  formula  as 
have  as  yet  been  published  : — 
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But  this  part  of  science  is  still  far  from  forming  a certain 
whole.  Here  vegetable  physiology  ought  to  lend  its  aid  to 
chemistry,  and  positively  state  what  she  requires  the  latter 
to  accomplish.  Chemistry,  in  its  turn,  ought  to  place  the 
substances  of  the  vegetable  kingdom  in  such  conditions  as 
are  somewhat  similar  to  those  in  which  they  exist  in  plants. 

The  discovery  of  Piria,  regarding  the  separation  of  sali- 
cine  into  new  compounds,  may  here  serve  as  an  example. 
Thb  discovery  is  the  finest  that  could  now  be  made  in  the 
province  of  Phyto-Chemistry. 


■ Oroellic 
a Oreelesic 

acid 

U 

C»H'*0“H0  1 

C“  H'  O'  HO  1 

1 In  South  American  Bocoella 
1 tinctoria. 

0 Oreellie 
0 Orcelesic 
Bocellenino 

a 

«< 

« 

C**H>'0'*H0] 

1 

C*  H*'  0'»  j 

|_In  the  Cape  variety  cf  Boccella 
r tinctoria. 

Erythoiie  " 

Ei^hrelesic  " 
Piero  Erytbrin  " 
Pseudo-Orcin  “ 

C^H'OO*  HO] 

1 

C“H»*0»  1 

C“  H“  O'o  J 

' From  the  Bocoella  Hontagnei. 

Evemlc 

Evemesic 

<« 

tf 

C«H'*0“H0i 

O'"  H»  O'  HO  1 

j-  From  the  Evernia  pmnastri 

Orcin 

n 

C“H"0' 

It  will  bo  obsenred  tbot  this  fonnnls,  which  is  still  only  empirical,  diffiirs 
from  that  given  for  orein  in  the  text. 

Usnic  acid  - C*  H"  O'*. 

This  acid  is  best  obtained  from  the  Uenea  florida,  and  from  the  Cladonia 
xangeferina. 

AU  these  snbstanoes  give  beautifol  eoloara  when  subjected  to  the  action  of 
hypochlorite  of  lime  and  other  substances. 

The  chemistry  of  these  so-callcd  colouring  substances  will  hereafter  form  a 
large  volume  of  itself — though  as  yet  few  of  the  materials  have  been  collected. 
* — 
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Pio.  1.  Transverse  section  of  the  fourth  internode  (count- 
ing from  the  top)  of  a young  sprout  of  Hoya  carnosa. 

A.  Treated  with  nitric  acid,  and  then  with  ammonia. 

B.  Treated  with  tincture  of  iodine,  and  then  with  sulphuric 
acid  (4  parts  of  acid  of  spea  grav.  1.85,and  1 part  of  water). 

The  following  letters  denote  in  both  figures  the  same 
parts; — 

a.  The  cuticle  disengaged  at  d by  the  sulphuric  acid. 

b.  Epidermic  cells. 

e.  Parenchyme  of  the  bark. 

d.  Bundles  of  fibres. 

e.  Layer  of  cambium-cells. 

y.  Layer  of  wood  and  vessels. 

y.  Milk  sap-vessels. 

A.  Pith. 

I.  Thick-walled  pith-cells. 

Fig.  2.  Transverse  section  of  the  wood  and  pith  of  a full- 
grown  internode  of  Asclepias  Syriaca,  treated  with  Iodine 
and  sulphuric  acid  (4  of  acid  to  1 of  water).  All  those  wood-cells 
show  two  layers ; the  exterior,  which  becomes  brown  and  does 
not  swell  up,  and  the  interior,  coloured  greenish-blue,  which 
swells  up. 

a.  Medullary  ray,  the  cells  of  which  appear  green,  be- 
cause the  interior  blue  membrane  shines  through  the 
exterior  brown  coloured  one ; bb. : punctated  vessels,  the  ex- 
terior layer  of  which  is  coloured  like  that  of  the  wood-cells  ; 
in  the  interior  is  observed  a greenish-blue,  thin,  membraneous 
layer,  with  irregular  outline ; c.  spiral  vessel ; the  spiral  is 

•a 
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coloured  yellowish  green  ; d.  a layer  of  milk  sap-vessels ; f. 
pith-cells,  presenting  a great  number  of  round  pores. 

Fig.  3.  Longitudinal  section  of  the  pith-cells  of  the  same 
plant,  moistened  with  iodine  and  sulphuric  acid : the  pores 
have  here  the  appearance  of  clefts. 

Fig.  4.  One  of  the  same  pith-cells,  moistened  simply  with 
water,  which  also  causes  the  cleft-formed  pores  to  appear. 

Fig.  5.  Cells  of  the  diachyme  of  a very  young  leaf  from  the 
interior  of  the  corolla  of  Sempervivum  arborescens,  treated 
with  iodine  and  sulphuric  acid,  and  presenting  numerous 
round  pores. 

Fig.  6.  Young  wood-cells  of  a young  intemode  of  Ascle- 
pias  Syriaca,  treated  with  iodine  and  sulphuric  acid : imme- 
diately after  the  addition  of  sulphuric  acid  the  cleft-formed 
transverse  pores  are  seen,  which,  after  some  time,  disappear 
in  consequence  of  the  swelling  of  the  whole. 

Fig.  7.  Transverse  section  of  the  wood-cells  and  of  a spiral 
vessel  of  the  same  internode,  treated  with  iodine  and  sulphu- 
ric acid  : the  wood-cells  become  blue,  as  do  also  the  mem- 
brane-walls of  the  spiral  vessel ; the  fibre,  on  the  contrary, 
becomes  yellowish- green. 

Fig.  8.  Transverse  section  of  a leaf  of  Aloe  lingua,  treated 
with  diluted  nitric  acid.  The  thickened  part  of  the  epider- 
mic cells  (cuticle)  is  coloured  light  yellow ; the  warts  upon 
which  (one  is  represented  at  a)  are  studded  with  little  knots. 
In  the  cells  of  the  epidermis,  stoma,  and  the  exterior  ones  of 
the  parenchyme,  the  utriculi  iuterni  have  become  separated ; 
the  chlorophyll  is  yellowish-green,  the  granules  are  not  so  re- 
gular as  before  the  action  of  the  acid.  On  the  surface  of  the 
more  interior  cells,  which  contain  no  chlorophyll,  are  seen  the 
points  of  union,  b b b b,  of  the  cells,  divided  by  the  cut  In 
some  of  these  cells  a resin  globule,  c,  is  seen. 

Fig.  9.  Part  of  an  air-vessel  of  the  peduncle  of  Musa  para- 
dlsiaca. 

A.  Treated  with  iodine  and  sulphuric  acid  (4  parts  acid  to 

1 of  water). 

B.  Treated  with  nitric  acid  and  ammonia,  by  which,  in  some 

cells,  little  brown  bodies,  a,  are  made  to  appear. 
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Fig.  10.  Parenchyine-cells  of  a very  young  leaf  of  Agave 
Americana,  treated  with  tolerably  diluted  nitric  acid.  The 
ntriculi  interni  have  become  distinct ; in  many  cells  two  ker- 
nels (nuclei)  are  observed,  which  do  not  contain  those  small 
kernels  (nuclei)  observed  in  other  casea 

Fig.  1 1.  Transverse  section  of  the  parenchyme-cells  of  Aspi- 
dium  hlix-mas,  treated  with  iodine  and  sulphuric  acid  (4  to 
1).  The  wall  is  greatly  swollen,  and  in  the  interior  exhibits 
a brown  granular  ring. 

Fig.  12.  Transverse  section  of  the  epidermis  and  some  of 
the  collenchyme-cells  lying  under  it,  of  a half-grown  inter- 
node of  Phytolacca  decandra. 

Fig.  13.  The  same,  after  treating  with  concentrated  nitric 
acid,  and  then  with  ammonia : the  exterior  layer  of  the  epi- 
dermic-cells has  become  yellow,  but  is  otherwise  unaltered  ; 
the  thickened  parts  of  the  collenchyme-cells  are  much  swol- 
len, though  not  coloured  yellow. 

Fig.  14.  Transverse  section  of  the  ft>rk-layer  and  the  col- 
lenchyme  of  Opuntia  brasiliensis,  treated  with  iodine  and  sul- 
phuric acid  (4  to  1) : a,  cork-cells;  b,  collenchyme-cells,  in 
vrhich  more  or  less  distinct  concentric  layers  are  visible. 

Fig.  15.  Transverse  section  of  inner  bark  fibre-cells,  treated 
with  iodine  and  sulphuric  acid,  of  a full-grown  internode  of 
Asclepias  Syriaca : they  become  entirely  blue,  so  that  neither 
in  the  direction  of  the  surface  nor  of  the  interior  is  another 
coloured  layer  to  be  seen  ; during  the  swelling  concentric 
rings  show  themselvea 

Fig.  16.  Transverse  section  of  the  exterior  wood-layer  of 
Pinus  sylvestris,  treated  with  iodine  and  sulphuric  acid  (4  to 
1) : a,  cambium-cells,  b,  full-grown  wood-cells. 

Fig.  17.  Transverse  section  of  the  wood-cells  of  Pinus  syl- 
vestris, after  having  been  macerated  for  48  hours  in  concen- 
trated muriatic  acid. 

Fig.  18.  The.  cells  represented  in  Fig.  16  some  time  later, 
after  the  exterior  layer  of  the  wood-cells  has  burst  in  conse- 
quence of  the  swelling  of  the  interior  layer ; the  exterior  layer 
forms,  on  some  places  (a),  a contracted  meinbrana 

Fig.  19.  Longitudinal  section  of  the  wood  of  Taxus  baccata. 
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treated  with  iodine  and  sulphuric  acid  (4  to  1).  la  thi 
youiiiier  wootl-cells,  where  the  colour  of  the  innermost  larer, 
which  contains  the  spiral,  is  very  intense  (a),  the  spiral  Las 
disapjieared,  probably  in  consequence  of  the  greater  swelling. 

The  spots,  with  oblique  cleft-formed  pores,  on  the  other 
hand,  are  still  visible  and  unaltered  ; they  are  also  observed 
in  the  outermost  layer,  which  is  not  attacked  by  the  sulphuric 
acid. 

Fig.  20.  Wood-cells  of  Pinus  larix,  seen  on  a radial  longi- 
tudinal section;  the  spots  seen  from  above,  treated  with  iodine 
and  sulphuric  acid  (4  to  1). 

Fig.  21.  The  same  on  a tangential  transverse  section,  with 
the  spots  which  are  contained  in  the  outermost  unswollen 
layer  cut  through  longitudinally. 

Fig.  22.  Transverse  section  of  the  wood  of  a one-year-old 
branch  of  Tilia  parvifolia,  treated  with  iodine  and  sulphuric 
acid  (4  to  1 ).  The  inner  layer  of  tlie  wood-cells  appears 
greatly  swollen  and  Ulueish-green,  the  external  is  not  swol- 
len, and  brown-yellow;  aa,  medullary  rays;  bb,  vessels  cut  | 

through,  the  exterior  wall  of  which,  containing  the  spots,  re- 
mains brown,  while  the  part  containing  the  spiral  is  greenish- 
blue. 

Fig.  23.  Longitudinal  .section  of  the  same  wood  treated  in 
the  same  manner : a,  wood-cells ; b,  vessel-cell  with  an  adherent 
spiral  fibre  ; c,  two  adjoining  punctated  spiral  vessel-cells  ; the 
wall  joining  the  two  vessel-cells  issplit  longitudinally,  by 
which  means  the  punctated  places  which  are  contained  in 
the  exterior  layer  appear ; d.  spiral  vessel,  belonging  to  the 
medullary  sheath  ; the  wall  is  tolerably  thick,  and  brownish 
yellow,  the  spiral  blueish-grccn. 

Fig.  24.  Longitudinal  section  of  the  wood  and  pith  of  a 
full-grown  internode  of  Tilia  parvifolia,  after  having  been 
treated  for  48  hours  with  muriatic  acid  : a a,  wood-cells  ; ft, 
spiral  vessel  rolled  up  from  below,  in  which  the  spiral  fibre  I 
appears  also  coloured  ; c,  pith-cells  ; some  have  shrivelled  vio- 
let-coloured contents  (utriculus  interims) 

Fig.  2.').  Transverse  section  of  wood-cells  of  the  same  plant, 
treated  with  iodine  and  sulphuric  acid  (4  to  1).  The  inner- 
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most  layer  immediatelyswells  very  much,  while  it  becomes  of  a 
bright  blue,  and  bursts  the  external  layer. 

Fig.  26.  Pith-cells  of  a two-years-old  branch  of  the  same 
^ plant,  treated  in  the  same  manner.  The  outermost  mem- 
brane remains  brownish-yellow  ; the  innermost  becomes  blue, 
the  latter  shining  through  the  brown  exterior  wall  makes 
the  cells  appear  green. 

Fig.  27.  Transverse  section  of  the  parenchyme  of  a young 
peduncle  of  Cycas  revoluta,  treated  with  iodine  and  sulphuric 
acid  (4  to  1).  The  walls  are  greatly  swollen,  and  show  alter- 
nately thinner  and  thicker  filaces ; on  the  common  wall  be- 
tween two  cells  appears  a lighter  whitish  stripe  ; where  the 
exterior  and  interior  wall  has  been  cut  away,  a brownish- 
yellow  coloured  irregular  interior  ring  is  observed  (utriculus 
internus).  a a,  are  two  cells,  of  which  only  the  exterior  wall 
is  separated,  and  where,  in  the  remaining  part  of  the  wall, 
small  openings  are  observed,  b is  one  of  the  fibres  of  inner- 
bark,  which  are  scattered  through  the  parenchyme,  in  which 
three  layers,  and  after  the  swelling  concentric  rings,  become 
visible. 

Fig.  28.  Longitudinal  section  of  the  thick-w'alled  paren- 
chyme-cells,  near  to  the  vessel-bundles  in  an  older  peduncle  of 
the  same  plant.  The  outermost  layer  remains  dark  brown- 
coloured,  the  interior  shines  through  with  a green  colour, 
except  on  those  places  where  there  are  openings,  through 
which  the  inside  plane  of  the  opposite  wall  appears  light 
blue ; at  aa  this  under  wall  is  taken  away  and  the  opening 
is  seen  through. 

Fig.  29.  The  same  celLs,  after  digesting  for  48  hours  in 
muriatic  acid. 

Fig.  30.  Longitudinal  section  of  very  young  wood-cells 
of  Clematis  vitalba,  treated  with  iodine  and  sulphuric 
acid  (4  to  1),  by  which  the  cleft-formed  p>ores  are  made  ap- 
parent 

Fig.  31.  Transverse  section  of  the  short  wood-cells  of  a full- 
grown  internode  of  a year-old  twig  of  the  same  plant.  The 
external  sharj)  cdged  layer  remains  yellowish-brown,  the  in- 
ternal is  greatly  swollen,  white  near  the  external  layer,  and 
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blue  towards  the  middle ; this  layer  is  bordered  by  a brown- 
ish ring  of  unequal  thicknesa 

Fig.  32.  Longitudinal  section  of  the  same  wood-cells,  moist- 
ened only  with  water. 

Fig.  33.  The  same  coloured  with  iodine,  and  then  moisten- 
ed with  sulphuric  acid  (4  to  1)  ; the  punctated  canals  appear 
white. 

Fig.  34.  Tlie  same,  some  time  later ; the  punctated  canals 
are  no  longer  visible  ; the  walls  run  in  minute  undulations. 

Fig.  35.  Thick-walled  short  wood-cells  of  a two-years  old 
twig  of  Clematis  vitalba,  cut  through  transversely  ; concen- 
tric rings  are  distinctly  visible.  At  aa,  the  punctated  trans- 
verse wall  of  the  cell  has  remained  unaltered. 

Fig.  36.  The  same  cells  treated  with  iodine  and  sulphuric 
acid  (4  to  1).  The  outermost  layer  is  coloured  dark-brown  ; 
in  the  swollen  part  the  same  rings  as  in  fig.  35  are  apparent, 
only  more  distant  from  each  other  ; near  the  opening  of  the 
cell  the  colour  is  a dark  blueish  green,  the  outermost  rings  are 
coloured  yellow.  At  the  beginning  of  the  swelling,  traces  of 
the  small  canals  are  still  observable  ; at  a later  period,  they 
have  disappeared  entirely  ; many  cells  swell  up  also  so  much, 
that  the  opening  is  filled  up  completely  ; no  internal  enclos- 
ing membrane  is  observed  around  the  opening. 

Fig.  37.  Wood-cells  of  the  same  plant  cut  through  longi- 
tudinally, after  digestion  for  forty-eight  hours  in  muriatic 
acid. 

Fig.  38.  Longitudinal  section  of  a bundle  of  inner-bark 
fibre  cells  in  an  interior  leaf  of  the  corolla  of  a very  young 
plant  of  Agave  Americana:  after  having  been  treated  for 
twenty-six  hours  with  iodine  and  sulphuric  acid,  the  con- 
tents appear  dark-brown,  the  walls  are  swollen  up,  and  co- 
loured uniformly  blue,  as  well  aa  those  of  the  parencbyme- 
cells. 

Fig.  39.  Transverse  section  of  an  inner  bark  bundle  of  a 
leaf  a little  older,  and  situated  more  to  the  exterior,  of  the 
same  plant,  after  treatment  for  twenty-one  hours  with  the 
same  re-agents.  The  walls  of  the  young  cells  appear  sharply 
defined  and  brown. 
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Pig.  40.  Transverse  section  of  a group  of  inner-bark  vessels 
of  a full  grown  leaf  of  Agave  Americana. 

A.  Coloured  brown  by  tincture  of  iodine. 

£.  The  same,  in  dilute  sulphuric  acid,  to  which  concentrated 
sulphuric  acid  was  afterwards  applied : the  walls  swell  in 
all  directions  greatly,  their  central  part  becomes  blue, 
the  external  circumference  of  the  cell  and  the  line  limit- 
ing the  opening  remain  brown  ; during  the  swelling  con- 
centric rings  become  visible. 

C,  The  same,  a few  minutes  later:  the  opening  has  entirely 
disappeared,  the  blue  colour  gradually  turns  brown,  and 
the  whole  cell  becomes  at  last  brown. 

Z).  The  same,  some  minutes  later  still : the  internal  mass 
gradually  disappears  altogether,  leaving  only  the  dark 
brown  outermost  membranes  of  the  cells ; in  a few 
aaa,  traces  of  the  internal  layers  also  still  remain ; on 
the  addition  of  a fresh  quantity  of  concentrated  sulphu- 
ric acid,  the  remaining  parts  of  the  cells  continue  un- 
changed. 

Fig.  41.  Section  of  thick-walled  pith-cells  of  an  old  twig 
of  Hoya  camosa,  immediately  after  having  been  moistened 
with  concentrated  sulphuric  acid. 

Fig.  42.  The  same,  some  minutes  later : a,  greatly  swol- 
len ; 6,  part  of  a cell ; the  small  canals  gradually  disappear, 
without  leaving  behind  any  traces  of  an  enveloping  mem- 
brane. 

Fig.  43.  Longitudinal  section  of  the  punctated  vessels  of 
Clematis  vitalba,  treated  with  iodine  and  sulphuric  acid  (4 
to  1) : a,  one  of  the  larger  punctated  vessels  cut  through  longi- 
tudinally, so  that  the  points  in  the  brown  external  small 
layer,  which  are  cut  through,  become  apparent  at  6 ; at  d is 
seen  one  of  the  transverse  walls,  which  originally  surrounded 
the  vessel-cells  ; at  c are  small  punctated  vessels  standing  one 
upon  another  with  oblique  ground  planes. 

Fig.  44.  Longitudinal  section  of  the  wood  from  one  of  the 
oldest  internodes  of  an  annual  branch  of  Vitis  vinifeni, 
treated  with  iodine  and  sulphuric  acid  (4  to  1) : aa,  wood- 
cells,  the  internal  part  of  which  is  greatly  swollen,  so  that 
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the  points  have  disappeared ; b,  a part  of  a punctated  Tessel 
•with  perforated  points  ; c,  a striated  vessel 

Fig.  45.  Spiral  fibres  of  a fiill-grovrn  leaf  of  Agave  Ameri- 
cana in  its  natural  state,  moistened  simplj  with  water. 

Fig.  46.  The  same  spiral  fibres,  after  having  remained  for 
some  time  in  tolerably  concentrated  sulphuric  acid. 

Fig.  47.  The  same,  a little  later ; the  fibres  have  disappear^ 
ed  entirely,  leaving  irregular  round  little  balls.  On  the  ap- 
plication of  concentrated  sulphuric  acid,  the  fibres  are  dis- 
solved immediately,  and  leave  behind  the  same  little  bodies. 

Fig.  48.  The  same  spiral  fibres  in  a concentrated  solution 
of  potash  ; they  are  greatly  swollen,  and  the  border  is  notched. 

Fig.  49.  The  same  fibres  in  concentrated  nitric  acid,  satu- 
rated afterwards  with  ammonia.  The  fibres  are  uniformly 
swollen  and  coloured  yellow  after  the  reaction  of  ammonia. 

Fig.  50.  Spiral  fibres  of  a very  young  plant  of  Agave  Ame- 
ricana, after  having  been  treated  with  tincture  of  iodine  and 
sulphuric  acid  (4  to  1). 

Fig.  51.  Spiral  fibres  of  a full-grown  leaf,  treated  in  the 
same  manner. 

Fig.  52.  Spiral  fibres  coloured  at  first  green  by  iodine  and 
sulphuric  acid ; after  some  hours  they  have'  turned  brownish- 
red- 

Fig.  5S.  Transverse  section  of  the  spiral  cells  of  Mamilla- 
ria  putilla,  after  having  been  first  treated  with  concentrated 
nitric  acid,  and  then  with  ammonia. 

Fig.  54.  The  same,  seen  longitudinally;  the  spiral  is  yellow, 
the  membrane  of  the  cell  is  uncoloured. 

Fig.  55.  .The  same  spiral  cells,  digested  first  in  tincture  of 
iodine,  then  placed  in  sulphuric  acid  (4  to  1). 

Fig.  56.  Spiral  fibre  of  the  same  cells,  after  the  cellular 
membrane  has  been  destroyed  by  the  action  of  sulphuric  acid, 
and  the  colour  of  the  fibre  has  changed  from  brown  to  green. 

Fig.  57.  The  same  seen  transversely. 

Fig.  58.  The  same  fibres  some  minutes  later:  the  green  co- 
l(>ur  has  vanished,  a brownish-red  colour  has  appeared  in- 
stead, differing  from  that  which  is  caused  by  iodine  alone. 

Fig.  59.  A part  of  a spiral  cell  of  the  wood  substance  of 
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Mamillaria  prolifera,  digested  for  twenty- four  hours  in  con- 
centrated muriatic  acid. 

Fig.  60.  Longitudinal  section  of  the  ring-cell  tissue  of 
Opuntia  microdasys,  treated  with  iodine  and  sulphuric  acid 
(4  to  1).  The  external  membrane  of  the  ring-cells,  and  that 
of  the  spiral  vessels  which  lie  in  the  centre,  is  blue ; the  rings 
and  the  spiral  fibre  are  coloured  brown  ; where  the  under- 
wall of  the  ring- cells  is  taken  away  (<ra),  little  openings  in  the 
wall  are  observed,  which  appear  white ; at  b the  transmuta- 
tion of  the  spiral  fibre  in  a ring  is  represented. 

Fig.  61.  The  same  rings  in  concentrated  sulphuric  acid, 
transversely  cut  through.  They  are  swollen  up  irregularly, 
and  the  opening  becomes  smaller  the  longer  the  action  is 
continued.  In  one  it  has  disappeared  altogether,  and  the  ring 
has  become  extremely  thin  and  transparent 

Fig.  62.  The  same  rings  thus  acted  on  with  sulphuric  acid 
and  treated  afterwards  with  tincture  of  iodine  : the  external 
border  is  darker  coloured  than  the  rest ; in  some,  concentr 
rings  are  observed. 

Fig.  63.  One  of  the  same  rings  treated  first  with  concentrat- 
ed nitric  acid,  and  then  with  ammonia. 

Fig.  64.  One  of  the  same  rings  first  coloured  brown  by  io- 
dine, and  treated  subsequently  with  dilute  sulphuric  acid,  to 
which  concentrated  sulphuric  acid  has  been  slowly  added. 

Fig.  65.  Transverse  section  of  the  elongated  cells  on  the 
end  of  the  vessel-bundle  of  Opuntia  brasiliensis,  treated  with 
iodine  and  sulphuric  acid  (4  to  1).  in  which  the  rings  of  the 
ring-cells  in  the  centre  remain  brown-coloured. 

Fig.  66.  A part  of  a milk-vessel  from  the  centre  of  the 
bark  parenchyme  of  Euphorbia  ciiput-medusae,  on  the  spot 
where  it  divides  into  two  branches  ; aaa  points  of  junction 
of  the  cells. 

Fig.  67.  A part  of  the  preceding,  treated  with  iodine  and 
sulphuric  acid  (4  to  1) : a,  the  milk-sap  vessel,  dark  blue  co- 
loured, and  surrounded  by  a very  thin  brown  layer ; bb,  the 
border,  which  appears  somewhat  rough’;  ec,  cells,  of  which  the 
upper  and  side- walls  are  taken  off  in  order  to  show  the  pores. 

Fig.  68.  Transverse  section  of  the  same.  The  milk-sap 
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vessel  is  swollen  so  much  towards  the  interior,  that  not  A 
trace  of  the  hollow  space  is  to  be  seen  ; the  swelling  towards 
the  exterior  is  prevented  by  the  surrounding  brown  coloured 
thin  membrane.  The  blue  colour  is  most  intense  in  the  cen- 
tre, and  diminishes  very  much  near  the  surrounding  mem- 
brane ; the  section  of  the  milk-sap  vessel  of  a round  fonn 
lies  in  the  centre  of  the  surrounding  cells,  the  walls  of  which 
have  become  expanded.  By  this  means  the  opening  through 
which  the  milk-sap  vessel  extends  has  become  wider,  so  that 
between  this  and  the  walls  of  the  cells  an  opening  is  dis- 
tinguished. Everywhere,  where  the  wall  is  simple,  numerous 
openings  are  observed.  In  one  cell,  of  0.0S7  of  a millemetre 
in  diameter,  the  number  of  these  little  holes  amounted  to 
between  45  and  60. 

Fig.  69.  Transverse  section  of  the  uncoloured  part  of  a 
very  young  leaf  of  Agave  Americana,  at  the  place  where  the 
leaves  are  still  joined  together,  treated  with  iodine  and  sul- 
phuric acid  (4  to  1).  The  cuticle  has  detached  itself  and 
remains  brown-coloured  ; the  walls  of  the  epidermis  cells  ap- 
pear blue,  their  contents  brown  ; the  walls  of  the  parenchyme 
cells  are  much  swollen  and  uniformly  blue-coloured  ; the  con- 
tents brown.  It  is  a hundred  times  magnified. 

Fig.  70.  A small  part  of  the  same,  with  the  epidermis  and 
the  detached  cuticle,  three  hundred  times  magnified. 

Fig.  71.  Cuticle  of  the  uncoloured  part  of  a very  young 
leaf  of  Agave  Americana,  disengaged  by  sulphuric  acid 

Fig.  72.  Transverse  section  of  the  epidermis  of  a fully 
grownleafof  Agave  Americana,  treated  with  tincture  of  iodine 
and  sulphuric  acid.  The  thickened  part  of  the  cells  (cuticle) 
remains  unaltered,  even  after  having  been  treated  a long 
time  with  concentrated  sulphuric  acid  ; the  thin- walled  part, 
on  the  contrary,  is  immediately  turned  violet-blue  after  the  ac- 
tion of  the  sulphuric  acid,  as  well  as  the  parenchyme  cells. 
At  aa,  the  section  passes  just  through  the  axis  of  the  cells 
and  through  that  of  the  cuniform  hollows ; at  5,  the  cut  is 
thicker  and  has  passed  along  the  exterior  wall.  The  darker 
colour  of  the  wall  and  of  the  thickened  part  of  the  side- 
walls  is  wholly  due  to  the  greater  thickness  of  these  parta 
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Fig.  73.  Transverse  section  of  the  external  layer  of  a young 
peduncle  of  Cycus  revoluta  close  to  the  stem,  treated  with 
iodine  and  sulphuric  acid  (4  to  1)  : a,  the  greenish  yellow  thin 
external  layer,  appearing,  however,  only  on  one  place  and 
wanting  elsewhere  ; d>,  the  epidermis  cells,  the  external  layer 
(cuticle)  of  which  remains  brownish  yellow  also  below;  where 
it  comes  in  contact  with  the  thick  matted  inner  bark  or  bast, 
the  interior  blue  layer  shines  through,  giving  a green  tinge ; c, 
a layer  of  bast-cells  composed  of  three  layers,  one  brown, 
another  lead-grey,  and  other  brownish-yellow  coloured. 

Fig.  74.  Transverse  section  of  the  epidermis  and  the  outer- 
most parenchyme  cells  of  a leaf  of  Phormium  tenax,  close  to 
its  base,  treated  with  iodine  and  sulphuric  acid  (4  to  1).  The 
parenchyme  cells  are  turned  by  these  re-agents  entirely  blue, 
the  external  thickened  layer  of  the  epidermis  cells  (cuticle) 
remains  yellow,  and  also  the  prolongation  of  the  same,  which 
like  a sheath  surrounds  the  epidermis  cell,  which  has  become 
blua  On  many  places  the  epidermis  cells  appear  green,  aa, 
in  consequence  of  the  interior  blue  membrane  shining  through 
the  yellowish-brown  exterior. 

Fig.  75.  Cuticle  of  Opuntia  microdasys,  coloured  by  iodine 
and  separated  from  the  epidermis  cells  by  sulphuric  acid  (4 
to  1),  by  means  of  which  the  thick- walled  hairs  remain  fixed 
on  it 

Fig.  76.  Hom-like  albumen  of  Alstroemeria  aurea,  from 
seed  which  has  reached  only  half  its  full  size.  The  walls  are 
of  uniform  thickness,  and  not  a trace  of  small  canals  is  ob- 
served ; all  the  cells  are  filled  with  a fine  granular  substance. 

Fig.  77.  The  same  from  seed  a little  older.  The  walls  have 
become  thicker,  and  the  canals  open  with  wide  mouths  in 
the  interior  hollows  of  the  cells  ; a,  a cell  filled  with  a fine 
granular  white  substance,  which  is  not  soluble  in  ether  ; d, 
a cell,  of  which  the  uuder  wall  is  wanting,  so  that  the  open- 
ings of  the  canals  are  seen. 

Fig.  78.  The  same  from  a nearly  full-grown  seed  with  white 
albumen  ; a and  5 as  in  the  preceding  figure. 

Fig.  79.  The  same,  from  a fully-grown  and  dried  seed,  the 
albumen  of  which  was  brown  ; aa,  cells  filled  with  fat-globules ; 
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b,  cell,  on  which  the  underwall  still  remains.  This  and  the 
former  are  coloured  by  tincture  of  iodine. 

Fig.  80.  The  preceding,  coloured  with  iodine  and  placed 
subsequently  in  sulphuric  acid  to  1),  in  which  it  is  gra- 
dually dissolved  without  any  observable  swelling. 

Fig.  81.  Section  of  the  albumen  of  the  seed  of  Iris  cru- 
ciata,  merely  moistened  with  water.  The  cell- walls  appear  so 
completely  homogeneous,  that  no  trace  even  of  partition  lines 
between  the  cells  can  be  distinguished,  neither  are  any  ob- 
served after  the  application  of  iodine. 

Fig.  82.  The  same  coloured  by  iodine  and  then  moistened 
with  sulphuric  acid  (4  to  1).  The  colour  becomes  red-brown, 
much  darker  than  with  iodine  alone,  and  at  the  same  time 
sharply  defined  lines  are  observed  which  bound  the  regu- 
lar hexagonal  cells.  After  some  time  light  intercellular 
spaces  appear,  aaa,  in  consequence  of  the  separation  of  the 
cell-waUs ; after  24  hours  not  a trace  of  dissolving  can  be  per- 
ceived. 

Fig.  83.  The  same,  treated  with  iodine  and  then  with  con- 
centrated sulphuric  acid.  The  whole  cell-wall  instantly  be- 
comes light  blue,  but  it  is  attacked  at  the  same  time  by  the 
acid,  in  which  it  is  dissolved,  so  that  after  some  time  nut  a 
trace  of  it,  or  of  the  blue  colour,  remains. 

Fig.  84.  Section  of  the  albumen  of  Phytelephas  macro- 
carpa,  moistened  with  water  only.  No  traces  of  the  lines 
bounding  the  different  cells  are  observed. 

Fig.  8a.  The  same,  treated  with  iodine  and  sulphuric  acid 
(4  to  ]).  Instantly  the  regular  hexagonal  cells,  l>ounded  by 
light  wliite  spacc.s,  appear.  The  thick  walls  of  the  cells  are 
coloured  blua  These  also  swell  a little,  so  that  the  u]>ening 
nearly  disappears,  and  the  canals  entirely. 

Fig.  86.  Transverse  section  of  the  epidermis  of  the  thigh, 
dried  with  the  skin,  and  left  for  four  hours  in  concentrated 
acetic  acid  (120  times  magnified). 

a.  External  layers  consisting  of  little  platca  (Couij  are  fig. 
92.) 

b.  Cells. 

c.  Nuclei. 
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d.  A thin  layer  of  shapeless  blastema,  elastic. 

e.  Fibres  of  the  skin. 

Fig.  87-  Epithelium  of  the  abdominal  membrane  of  a cow, 
obtained  from  the  fresh  membrane  by  scraping  with  a scalpel 
(410  times  magnified). 

1.  A cell  with  nucleus. 

b.  The  same  obtained  on  another  occasion.  All  the  cells 
are  provided  with  nuclei 

Fig.  88.  The  same  epithelium,  after  the  addition  of  acetic 
acid  (410  times  magnified). 

Fig.  89.  Epithelium  from  the  Interior  of  the  human  mouth, 
carefully  obtained  from  the  inside  of  the  cheek  (410  times). 

1,1.  Kernel  nucleua 

2.  Fine  granules,  spread  especially  round  the  nucleus. 

Fig.  90.  The  same,  kept  for  six  hours  in  a saturated  solu- 
tion if  potash  (410  times  magnified). 

a.  At  the  commencement  of  the  action  of  the  solution. 

1.  The  nucleus. 

b.  By  continued  action,  the  nucleus  begins  to  be  dissolved. 

a By  still  further  action. 

1.  The  nucleus  completely  granular. 

d.  After  the  action  of  the  solution  is  complete. 

Fig.  91.  a,  b.  Epidermis  of  the  thigh  (dried  with  the  skin), 
transverse  section,  kept  for  seven  hours  in  potash,  and  water 
then  added  (410  times  magnified). 

a.  Cells  of  the  external  layers. 

b.  A cell  of  the  central  layer. 

c.  Cells  of  the  thickened  epidermis  of  the  tops  of  the  fin- 
gers, treated  in  like  manner. 

Fig.  92.  Small  plates  of  the  epidermis  of  the  arm,  obtained 
by  scraping,  kept  for  eight  hours  in  concentrated  acetic  acid, 
(410  times  magnified). 

Fig.  93.  Cylindrical  epithelium  of  the  intestines  of  a rabbit 
(according  to  Henle). 

a.  Cuniform  cells. 

b.  Intercellular  substance. 

Fig.  94.  Ciliated  epithelium,  obtained  by  scraping  the 
tongue  of  a frog  (410  times  magnified). 
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1.  Seen  lying. 

a.  Ciliated  hairs. 

2.  Seen  on  the  free  surface.' 

Fig.  95.  Human  nails  (410  times) : a,  scrapings  kept  three 
hours  in  acetic  acid. 

1.  Indistinct  nucleua 

h.  Transverse  section,  kept  for  six  hours  in  a concentrated 
potash  solution,  and  water  then  added. 

1.  Distinct  nuclei 

Fig.  96.  Cow’s  horn,  a longitudinal  section,  taken  per- 
pendicularly from  the  surface,  kept  for  five  hours  in  a 
concentrated  potash  solution,  and  water  then  added  (410 
times). 

a.  Cell  of  the  under  layer. 

h.  Cell  of  the  upper  layer. 

1.  Nucleus  of  the  same. 

Fig.  97.  Cow’s  horn,  transverse  section,  kept  for  twenty- 
two  hours  in  potash  (410  times). 

1.  Nucleus. 

Fig.  98.  Cow’s  horn,  taken  parallel  to  the  surface,  and  kept 
for  twenty-four  hours  in  concentrated  sulphuric  acid. 

Horn  plates  swimming  in  the  sulphuric  acid  (410  times 
magnified). 

a.  A bent  plate. 

b.  A straight  plate  (present  in  small  numbers). 

c.  A small  plate  with  visible  nucleua 

Fig.  99.  Thin  longitudinal  section  of  a piece  of  whalebone 
(twice  magnified),  used  subsequently  to  these  investigs- 
tiona 

a.  a.  Grey  substanca 

b.  Black  or  striped  substance 

Fig.  100.  Transverse  section  of  the  grey  substance  (600 
times). 

a.  Seen  in  water. 

1.  Parallel  whalebone  platea 

b.  Seen  in  turpentine. 

Fig.  101.  Longitudinal  section  of  the  grey  substance  (600 
times). 


Digitized  by  Google 


EXPLANATION  OP  THE  PLATES. 


*16 


Fig.  102.  Transverse  section  of  the  striped  substance  (120 
times). 

1.  Whalebone  canals. 

2.  Concentric  whalebone  plates. 

Fig.  103.  The  same,  of  a whalebone  canal,  with  the  little 
plates  belonging  to  it,  more  highly  magnified  (410  times). 

1.  Whalebone  canal. 

2.  Concentric  whalebone  plate. 

3.  Dark  points  (hollow  ?) 

Fig.  104.  Longitudinal  section  of  the  striped  substance  (50 
times). 

1.  Whalebone  canal. 

2.  Fat  cells  in  the  same. 

3.  Whalebone  canals  cut  through. 

4.  Concentric  platea 

Fig.  105.  The  same,  of  a whalebone  canal,  with  the  sur- 
rounding plates  (410  times). 

1.  Concentric  plates  (seen  on  the  section). 

2.  Dark  spots  (hollow  ?) 

3.  Concentric  plates  cut  through  obliquely. 

4.  Fat  cell. 

5.  Fine  black  granular  substance. 

Fig.  106.  A thicker  transverse  section  of  whalebone,  kept 
for  twenty-four  hours  in  potash  solution,  and  water  then 
added  (410  times). 

a.  Joined  cells. 

b.  Isolated  whalebone  cells,  obtained  by  pressing  and  fur- 
ther addition  of  water. 

1.  Granular  contents  (remainder  of  a nucleus?) 

Fig.  107.  A very  thin  transverse  section  of  the  striped  sub- 
stance, kept  for  forty-eight  hours  in  a concentrated  solution 
of  potash,  then  water  added  (410  times).  An  isolated  whale- 
bone canal  with  all  its  concentric  plates. 

Fig.  108.  The  same,  obtained  in  the  same  manner.  The 
little  plates  become  isolated  by  pressure  and  rubbing,  then 
become  folded,  and  break  ofi"  (41 0 times). 

1.  A folded  plate. 
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Fig.  109.  Folded  plates  obtained  in  the  same  manner,  seen 
on  the  surface  (thickness  of  the  section)  (410  times). 

a.  A single  detached  plate  seen  on  the  folded  surface. 

b.  Several  detached  plates  joined. 

1.  Transverse  section  of  whalebone,  on  which  the  plates 
are  visible 

2.  Folded  surface. 

Fig.  110.  Epithelium  of  a black  hair  of  the  head,  kept  for 
three  hours  in  a saturated  solution  of  potash,  diluted  with 
one-quarter  of  water  (410  times).  ' 

1.  Loosened  epithelium. 

2.  Border  of  the  peculiar  tissue  of  hair  (merely  indicated). 

Fig.  111.  Epithelium  of  a black  hair  of  the  beard,  kept  for 

two  and  a half  hours  in  concentrated  sulphuric  acid  (410 
times). 

a.  Lamellic  of  the  hair,  isolated  by  rubbing. 

1.  Limits  (small  transverse  stripes  of  the  hairs)  of  the  dis- 
tinct epithelium  plates,  of  which  the  lamella:  consist 

b.  Epithelium  plates,  isolated  by  further  rubbing. 

Fig.  112.  Peculiar  tissue  of  the  hairs  (so-called  cortical 
substance)  obtained  from  black  hairs  of  the  head,  kept  for 
four  hours  in  concentrated  sulphuric  acid  (410  times). 

a.  Secondary  hair-bundles,  isolated  by  pressing  and  rub- 
bing. 

b.  Small  hair  fibres,  isolated  by  further  rubbing: 

c.  LamelliB  of  the  hair. 

Fig.  113.  Pith  of  the  hairs,  kept  for  twenty-four  hours  in 
a concentrated  potash  solution,  and  water  added:  by  this 
treatment  the  peculiar  tissue  flows  away ; seen  without  a 
covering  glass  (410  times). 

a.  Pith  of  black  hairs  of  the  head. 

b.  1.  Pith  of  black  hairs  of  the  beard. 

2.  Small  molecules  (colouring  molecules  ?) 

Fig.  114.  Transverse  section  of  turtle  shell,  kept  for  twen- 
ty-four hours  in  a potash  solution,  and  water  added  (410 
times). 

Fig  115.  The  same,  kept  for  forty-eight  hours  in  potash, 
and  water  added  (410  times). 
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Fig.  lie.  Jointed  tissue  between  the  muscleS  of  the  thigh 
of  a full-grown  man  (410  times.) 

a.  Connected  bundles. 

1.  A folded  bundle. 

h.  An  isolated  bundle  with  distinct  primitive  fibres. 

Fig.  117.  Elastic  fibres  of  the  same,  remaining  after  the 
action  of  potash  during  four  hours  and  addition  of  water,  by 
which  the  thread-fibres  (gelatine-producing  fibres)  become 
dissolved  (410  times). 

Fig.  118.  Jointed  tissue,  beneath  the  fascia  lata,  kept  for 
five  hours  in  a concentrated  potash  solution  (410  times). 

1.  Apparent  openings,  filled  with  a granular  substance. 

2.  Fibres,  by  which  these  are  surrounded. 

Fig.  119.  Elastic  fibres  of  the  skin  of  the  thigh  of  a full- 
grown  man,  kept  for  four  hours  in  dilute  acetic  acid  (410 
times). 

a.  Surface  (near  the  epidermis)  with  thin  fibres. 

b.  The  middle  part  (is  awanting.) 

e.  Deepest  part  with  thicker  fibres,  which  become  gradually 
thinner  towards  the  surface. 

Fig.  120.  Transverse  section  of  the  dried  tendon  of  the 
musculus  semi-tendinosus,  after  the  addition  of  water  (50 
times). 

1.  Secondary  bundles. 

2.  Detached  jointed  tissue  between  the  secondary  bundles. 

3.  Section  of  a blood-vessel  of  the  same. 

4.  Fat  tissue,  in  the  same. 

Fig.  121.  Longitudinal  section  of  the  same  tendon,  after 
addition  of  dilute  acetic  acid  (410  times). 

1.  Parallel  primitive  tendon  bundles,  which  ^lave  become 
perfectly  gelatlnoua 

2.  Elastic  fibres. 

Fig.  122.  The  same,  obtained  by  adding  acetic  acid  to  a 
thicker  transverse  section,  by  which  the  bundles  become 
folded  (410  times). 

1.  Parallel  primitive  tendon  bundles,  which  have  become 
gelatinous. 

2.  Elastic  fibrea 

•6 
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Fig.  123.  The  same,  obtained  from  a thinner  transverse 
section. 

1.  Parallel  gelatinous  tendon-bundles. 

2.  Elastic  fibres. 

Fig.  124  1.  A primitive  tendon-bundle  of  the  same  tendon 
in  its  fresh  state  (410  times). 

2.  Primitive  fibres,  isolated  by  pins. 

Fig.  125.  Primitive  fibres  of  the  ligamentum  sacro-tube- 
rosum, — kept  for  fifty  hours  in  a saturated  solution  of  potash, 
without  adding  water  (410  times). 

Fig.  1 26.  Longitudinal  section  of  the  ligamentum  nuchse 
vel  colli  of  a cow,  boiled  in  acetic  acid,  and  dried  (410  times)- 

Fig.  127.  A single  fibre  of  the  same,  fresh  (410  times). 

Fig.  128.  Fibres  of  the  same,  kept  for  twenty-four  hours 
in  a potash  solution,  and  water  added  (410  times). 

Fig.  129.  Transverse  section  of  the  same,  dried,  treated 
with  concentrated  acetic  acid  (410  times). 

Fig.  1 30.  Fibres  of  the  same,  kept  for  many  days  in  potash 
solution,  and  water  added. 

Fig.  131.  The  tissue  yaims  of  a man,  dried  (410  times). 

a.  Section,  parallel  with  the  surface,  treated  with  acetic 
acid. 

1.  Elastic  fibres. 

2.  Gelatinous,  swollen  gelatine-producing  fibres. 

b.  Transverse  section,  treated  with  acetic  acid. 

1.  Elastic  fibres. 

2.  Gelatine-producing  fibres,  rendered  gelatinoua 

Fig.  132  Fibres  of  the  vocal  chord,  treated  with  acetic 
acid  (410  times). 

Fig.  133.  Rib-cartilage  of  a body  twenty-two  years  old. 

Transverse  section,  taken  near  the  surface  (120  times). 

1.  More  remote  from  the  surfaca 

2.  From  the  surface  of  the  cartilage. 

3.  Intercellular  substance. 

4.  Cartilage  bodies.  v 

Fig.  134.  The  same,  near  the  centre  (120  times). 

1.  Cartilage  bodies  with  two  cells. 

2 Cartilage  bodies,  with  from  two  to  four  cells  in  one  line 
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3.  Granular  intercellular  substance. 

4.  Fibrous  intercellular  substance  of  the  asbestus-1  ike  ring. 

5.  Fat  globules  in  the  intercellular  substance. 

Fig.  135.  The  same  (410  times  magnified). 

a.  Very  small  cartilage  bodies,  near  the  surface  of  the  car- 
tilage. 

b.  A rounder  cartilage  body,  from  the  cartilage  of  another 
subject. 

1.  A nucleus,  without  cells,  in  the  cartilage  body. 

2.  Cells  with  nuclei. 

3.  Nucleus  transformed  partly  into  fat 

c.  Cartilage  bodies,  including  an  extraordinary  quantity  of 
fat 

1.  A single  fat  globule  in  the  cartilage  body,  not  inclosed 
in  a cell. 

2.  Very  large  fat  bodies  contained  in  cells. 

3.  Granular  intercellular  substance. 

d.  The  same  (from  the  asbestus-like  ring),  freed  from  fat 
by  repeated  extractions  with  ether  (410  times). 

1.  Cells. 

2.  Membranes  of  the  fat  bodiea 

3.  Fibres  of  the  asbestus-like  ring. 

Fig.  136.  Three  transverse  sections  of  ripe  cartilages  (na- 
tural size). 

a.  Surface  of  the  cartilage. 

h.  Transverse  section. 

1.  Soft  concentric  layer,  looking  like  asbestus. 

Fig.  137.  Cartilage  body,  swimming  in  sulphuric  acid,  ob- 
tained by  keeping  a fine  section  of  rib-cartilage  for  six  hours 
in  sulphuric  acid  (410  times). 

Fig.  138.  Intervertebral-cartilage  of  a full-grown  man. 

0.  The  solid  tissue,  separated  by  pins. 

b.  The  soft  central  tissue. 

Fig.  139.  The  soft  central  part  of  the  intervertebral  carti- 
lage of  a full-grown  fictus,  after  the  addition  of  water,  (410 
times). 

a.  Groups  of  colls,  with  nucleus  and  nucleolus  in  every 
cell. 

1.  A separate  nucleus. 
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b.  Shapeless  blastema  between  the  groups 

Fig.  HO.  Fine  oblique  section  (in  the  direction  of  the 
fibres)  of  the  dried  intervertebral  cartilage  of  a full-grown 
man  (410  times). 

1.  Cartilage  fibres 

2.  An  oblong  celL 

3.  A prolonged  nucleus 

4.  A nucleus  fibre. 

Fig.  HI.  Transverse  section  of  the  dried  elastic  ear  car- 
tilage, with  the  interior  layers  of  the  skin,  treated  with  di- 
lute acetic  acid  (120  times  magnified). 

1.  Elastic  fibres  of  the  skin. 

2.  Transition-state  between  skin  and  cartilage,  with  nuclei 
between  the  elastic  fibres 

3.  Elastic  cartilage  tissue. 

4.  Elastic  fibres  between  the  cartilage  bodies 

5.  Nearly  invisible  cartilage  bodies  in  the  thinner  part  of 
the  section. 

6.  Cartilage  bodies  covered  by  elastic  fibres 

Fig.  142  Transverse  section  of  the  dried  elastic  ear -car- 
tilage (410  times). 

1.  Elastic  fibres 

2.  Cartilage  bodies  with  cells  and  nuclei 

3.  Fat  bodies. 

Fig.  143.  Transverse  section  of  the  dried  ear-cartilage, 
kept  for  5 hours  in  a concentrated  potash  solution,  and  much 
water  added  (410  times). 

1.  Open  spaces  occupied  by  the  cartilage  cells,  before  their 
solution. 

2.  Fine  net  of  elastic  fibres. 

Fig.  1 44.  Part  of  a thin  plate  of  a transverse  section  of  the 
human  thigh  bone,  placed  on  Venetian  turpentine  (410 
times). 

].  Bone  bodies 

2.  Kays  of  the  bone  bodies 

Fig.  14.5.  A thin  plate  of  the  human  o$  pubis  obtained  h; 
rubbing,  placed  on  Venetian  turpentine  (410  times). 

1.  Large  bone  bodies 

2.  Granular  intercellular  substance. 
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3.  Wide  rays  of  the  bone  bodies  easily  distinguishable  as 
little  canals. 

Fig.  146.  Transverse  section  of  the  human  thigh  bone, 
treated  vrith  muriatic  acid  (50  times). 

1.  2.  Medullary  canals,  near  the  surface  of  the  bone. 

3,  4.  Medullary  canals  situated  deeper  in  the  bon& 

5.  Transverse  medullary  canals  connecting  the  longitu- 
dinuL 

6.  Bone  plates  parallel  to  the  surface  'with  interlying  bone 

bodies.  ’ 

7.  Bone  plates  concentric  round  the  medullary  canals,  like- 
wise with  bone  bodies. 

Fig.  147.  The  same,  a medullary  canal  with  its  concentric 
bone  plates,  (140  times^. 

1,1,1.  Bone  bodies. 

2.  Bone  plates. 

3.  Medullary  canals. 

Fig.  148.  The  same,  longitudinal  section  (410  times  mag- 
nified). 

1.  Bone  bodies. 

2.  Bone  plates. 

3.  Bodies  (nuclei)  in  the  bone  cavitiea 

Fig.  149.  The  same  (25  times  magnified). 

1.  Longitudinal  medullary  canals. 

2.  Transverse  medullary  canals.  The  bone  plates  and  ca- 
vities of  the  bone  ore  still  in  some  degree  observable  as  little 
spots  between  the  medullary  canals,  a,  thus  magnified. 

Fig.  150.  The  same  (410  times)  kept  for  5^  hours  in  a 
concentrated  potash  solution  and  washed  with  water. 

1.  Bone  cavities  with  nuclei. 

2.  All  containing  a nucleus  in  one  of  the  cavities  of  the 
bone. 

Fig.  151.  Fat  cells  of  the  face  of  a rather  lean  man  (410 
times). 

1.  Fat  cells. 

2.  Granular  fibrous  tissue  between  the  cella 

Fig.  152  Fat  cells  of  a sheep  (120  times),  floating  in  con- 
centrated acetic  acid. 

Fig.  153.  Membranes  of  the  fat  cells  of  a young  pig  ex- 
tracted with  ether  (410  times). 
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1.  A part  of  the  membrane  of  a fat  cell,  which  was  not 
covered  by  anything,  and  on  which  the  granular  structure 
can  be  seen. 

Pig.  154.  Transverse  section  of  themusculus  semi-tendlno- 
stis  treated  with  dilute  acetic  acid  (120  times). 

1.  Primitive  bundles  (drawn  alone). 

2.  Perimysium. 

Fig  155.  The  same  (410  times  magnified). 

1.  Primitive  bundles,  in  which  the  sections  of  the  primi- 
tive fibres  are  observable. 

2.  Nuclei,  placed  in  the  sarcolemma. 

Fig.  156.  Transverse  section  of  the  thigh  muscles  of  a very 
meagre  frog,  treated  with  dilute  acetic  acid  (100  times). 

1.  Primitive  bundles  (drawn  alone^. 

a.  Smaller  bundles. 

2.  Perimysium. 

3.  Sinew-branch  cut  through. 

Fig.  157.  The  same  (410  times). 

a.  Smaller  bundles. 

1.  Nuclei  placed  in  the  primitive  bundles. 

2.  Primitive  fibrea 

3.  Muscle  substance  between  the  primitive  fibres. 

4.  Hair  vessel. 

Fig.  158.  Oblique  longitudinal  section  of  a primitive  bun- 
dle of  the  dried  muscle  of  a frog  (410  times)  after  addition 
of  tincture  of  iodine. 

1.  Thicker  part  showing  distinctly  little  stripea 

2 Thinner  part  showing  little  granules  only. 

Fig.  159.  Primitive  bundle  of  the  thigh  muscles  of  a frog 
kept  for  3 hours  in  concentrated  acetic  acid  (410  times). 

1.  Sarcolemma. 

2.  Nuclei  placed  in  the  primitive  bundles,  drawn  with  dif- 
ferent focu.s. 

3.  Primitive  fibrea 

4.  Small  transverse  stripea 

Fig.  160.  a.  Primitive  bundle  of  the  muscle  of  a frog  kej>t 
for  5 hours  in  a concentrated  potash  solution  (410  times). 

1.  Nuclei. 

b.  After  the  beginning  of  the  action  of  the  liquid. 
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1.  Nuclei. 

Fig.  161.  The  same  kept  for  2is  hours  in  a concentrated 
potash  solution. 

1.  Primitive  bundles  divided  into  transverse  hexagonal 
parts  (410  times). 

2.  Primitive  fibres  (410  times). 

Pig.  162.  Elastic  fibres  of  the  deep  layer  of  the  involiftitary 
muscles  of  the  gullet  of  a cow,  obtained  by  digestion  for  34 
hours  with  potash  and  addition  of  water,  by  which  the  other 
fibres  are  dissolved,  (410  times). 

Fig.  163.  Elastic  fibres,  spread  between  the  muscle  fibres 
occurring  in  the  circular  fibrous  membrane  of  the  human 
aorta,  obtained  in  the  same  manner  as  the  preceding  (410 
times). 

1.  Fine  granules  of  the  muscle  fibres,  not  yet  dissolved. 

Fig.  164.  Involuntary  muscle  fibres  of  tape- worm  in  the 
colon  of  a full  grown  man  (410  times). 

a.  Isolated  fibrea 

b.  Seen  in  masa 

e.  After  the  action  of  acetic  acid. 

1.  Nuclei. 

2.  Elastic  fibrea 

Fig.  165.  Transverse  section  of  the  membranes  of  the 
dried  human  aorta,  kept  for  four  hours  in  concentrated  acetic 
acid*  (30  times  magnified). 

1.  Tunica  adventitia 

2.  Tunica  clastica 

3.  Tunica  fibrosa-circularis  (elastico-muscularis). 

4.  Tunica  fibrosa-longitudinalia 

5.  Tunica  striata 

Fig.  166.  The  same,  a transverse  section  of  the  fibrosa 
circularis  (120  times  magnified). 

1.  Elastic  plates,  seen  on  the  section. 

2.  Muscular  fibres  (become  transparent)  and  fine  elastic 
fibres  between  the  plates. 

Fig  167.  The  same  (410  times  magnified). 

• That  mentioned  in  the  text  baa  been  treated  only  for  a few  minulea  with 
aeetie  acid,  and  the  muscle  fibrea  remain  more  viaiMe.  By  keeping  longer  in 
acetie  acid,  however,  the  olaatictiMuc  appeara  much  more  diatinct 
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1.  Elastic  plates  seen  on  the  section. 

2.  Muscular  fibres  (become  transparent)  and  elastic,  thinner 
fibres,  most  of  them  cut  through  transversally. 

Fig.  168.  The  same,  net  of  elastic  fibres  of  the  tunica 
elastica  of  the  aorta  .seen  on  the  surface  (410  times).  The 
transverse  section  of  the  same  is  seen  in  fig.  165,  2. 

Fig.  1 69.  The  same  net  of  elastic  fibres,  representing  one 
of  the  exterior  elastic  ]>lates  of  the  tunica  fibrosa-circularis 
of  the  aorta,  seen  on  the  surface  (410  times).  The  transverse 
section  seen  in  fig.  165,  3). 

Fig.  170.  Striped  membrane  of  the  fresh  carotid  artery  of 
a cow,  seen  on  the  surface  (410  times). 

Fig.  171.  Muscular  fibres  of  the  articular  fibrous  mem- 
brane of  the  aorta  of  a young  sheep  (410  times). 

a.  Moistened  with  water  only. 

/ 1.  Exceedingly  isolate<J  fibres. 

b.  After  treatment  with  acetic  acid. 

Fig.  172.  Epithelium  of  the  aorta  of  a cow,  obtained  by 
scraping  (410  times  magnified). 

1.  Epithelium  plates. 

2.  Nuclei,  with  two  or  three  nucleoli. 

Fig.  173.  Longitudinal  section  of  the  membrane  of  the 
dried  vena  azygos  treated  with  acetic  acid  (410  times).  The 
section  was  obtained  from  a vein  dried  round  a soft  cylin- 
drical’piece  of  wood. 

a.  Elastic  plates. 

1.  External. 

2.  Internal. 

b.  Jointed  tissue  become  gelatinous. 

1.  External  layers. 

2.  Internal  layers. 

Fig.  174.  Transverse  «ection  of  the  internal  part  of  the 
membrane  of  the  dried  vena  jugularis  of  a cow  (120  times). 

a.  Elastic  platea 

1.  Plates  situated  more  externally. 

2.  Plates  situated  more  internally. 

b.  Jointed  tissue  become  gelatinous. 

1.  Internal  layers. 

2.  External  layera 
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Fig.  175.  The  same ; a small  part  of  the  transverse  section 
of  one  of  the  external  elastic  plates  of  the  jugular  vein  (410 
times)  (compare  fig  174,  a,  1). 

Pig.  176.  Elastic  plates  of  the  jugular  vein  of  the  cow, 
seen  on  the  surface,  obtained  by  keeping  somewhat  thicker 
transverse  sections  for  four  hours  in  concentrated  acetic  acid, 
and  pressing  them  between  two  glass  plates,  by  which  the 
transverse  section  becomes  folded  (410  times). 

a.  External  plates. 

b.  More  towards  the  centre. 

e.  Still  more  towards  the  centre. 

1.  Openings. 

d.  Near  the  striped  membrane. 

Fig.  177.  Jointed  tissue  between  the  elastic  plates  of  the 
fresh  jugular  vein  (410  times). 

Fig.  178.  A plate  of  the  striped  membrane  of  the  subclavian 
vein  of  the  cow,  kept  for  sixteen  hours  in  a solution  of  caus- 
tic potash  and  water  added  ; it  becomes  detached  from  the 
other  wall  of  the  vein  (410  times  magnified). 

1.  An  opening. 

Fig.  179.  Transverse  section  of  the  dried  sciatic  nerve  of 
man,  treated  with  dilute  acetic  acid  (25  times). 

1.  Secondary  bundles. 

2.  Jointed  tissue. 

3.  Fat  tissue  in  the  same. 

4.  Sheath  round  every  secondary  bundle  (properly  neuri- 
lema). 

5.  An  opening,  out  of  which  a secondary  bundle  has  fallen. 

Fig.  180.  The  same,  one  of  the  smallest  secondary  bundles 

(120  times). 

1.  Sheath  round  the  bundles. 

2.  Primitive  bundles  with  their  primitive  fibres. 

3.  Transparent  stripes  by  which  these  are  separated  from 
one  another. 

Fig.  181.  Separated  primitive  fibres,  cut  through  transver- 
sally  (410  times). 

Fig.  182.  Nerve  fibres  of  the  tenth  pair  of  the  spinal  mar- 
row of  the  frog,  two  days  old  (410  times). 
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b.  Two  contiguous  fibres  with  granular  contenta 

1.  Cylindrical  axia 

2.  A fibre  with  more  uniform  contenta 

Fig.  183.  Fresh  fibres  of  the  tenth  pair  of  spinal  neires  of 
a frog,  kept  for  half  an  hour  in  concentrated  potash  solution 
(410  times). 

Fig.  184.  The  same  kept  for  an  hour  in  concentrated  ace- 
tic acid  (410  times). 

1.  Spiral-like  twisted  cylindrical  axia 

Fig.  185.  The  same  kept  for  twenty-four  hours  in  a con- 
centrated potash  solution  and  treated  with  water,  by  which 
only  fat  and  soap  globules  remain  (410  times  magnified). 

Fig.  186.  a.  Nerve  fibres  of  the  tenth  pair  of  the  spinal 
marrow  of  a frog,  kept  two  days,  extracted  with  ether  (410 
times). 

b.  The  same  kept  for  two  hours  in  concentrated  acetic  acid. 

Fig.  187.  Sympathetic  nerve  fibres  of  the  connecting 
branch  of  the  eighth  pair  of  the  spinal  nerve  of  the  frog, 
(410  times). 

a.  In  fresh  state. 

b.  Kept  for  an  hour  in  concentrated  potash  .solution. 

e.  Kept  for  an  hour  in  concentrated  acetic  acid. 

Fig.  188.  Transverse  section  of  the  splanchnic  nerve  of 
man  treated  with  dilute  acetic  acid  (25  times  magnified). 

1.  Secondary  nerve  bundles. 

2.  Jointed  tissue. 

3.  Sheath  of  the  secondary  bundle. 

4.  Sections  of  vessels  filled  with  blood. 

5.  Fat  tissue. 

Fig.  189.  1.  The  same,  one  of  the  small  secondary  bundle* 
treated  with  acetic  acid  (120  times). 

1.  Sheaths  of  the  primitive  bundlea 

2.  Sheaths  round  the  secondary  hundlea 

Fig.  189.  The  same,  part  of  a j>rimitive  bundle,  (410 
times). 

2.  Enveloj)es  of  the  primitive  fibres,  expanded  by  means 
of  dilute  acetic  acid. 

3.  Contents  of  the  primitive  fibres. 
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4.  Thicker  nerve-fibre 

5.  Sheath  of  a secondary  bundle 

6.  Sheath  of  a primitive  bundle 

Fig.  190.  Nerve  fibres  of  the  white  substance  of  the  brain 
of  a cow,  kept  72  hours  (41 0 times  magnified). 

a.  Thin  nerve  fibres  of  the  external  layer  of  the  comu- 
Ammonia 

b.  Nerve  fibres  of  the  hemispherea 

1.  A thicker  fibre. 

c.  Thick  nerve  fibres  of  the  corpora  p3rramidalia. 

Fig.  191.  a.  Nucleated  globules  of  the  cortical  substance  of 
the  hemispheres  of  the  brain  of  a cow,  kept  24  hours  (410. 
times). 

1.  Granular  substance  between  the  nucleated  globulea 

b.  A nucleated  globule,  more  highly  magnified  (930 
times). 

Fig.  192^  a.  Globules  of  a granular  nature,  and  a nucleated 
globule,  seen  in  the  gray  substance  of  the  comu-Ammonis 
(410  times). 

b.  Clear  smooth  globulea 

Fig.  193.  Nucleated  globules'  of  the  cerebellum  of  a cow, 
kept  24  hours  (410  times). 

1.  One  elongated  into  a pear  shape. 

2.  One  spherical. 

3.  One  with  two  prolongations  (nerve  fibres  ?) 

4.  Smaller  bodies  occurring  interspersed  among  the  nuclea- 
ted globulea 

Fig.  194.  Globuli  nucleati  and  nerve  fibres  of  the  ganglia 
gasseri  of  a cow,  24  hours  old  (150  times). 

1.  Nucleated  globulea 

2.  Cell,  enclosed  in  the  nucleated  globulea 

3.  Nucleus  present  in  this  cell. 

4.  Sheath  of  the  nucleated  globule,  which  has  been  taken 
away  by  the  two  first  globulea 

5.  Nerve  fibres. 

Fig.  195.  Nucleated  globules  of  the  ganglia  gasseri  of  a 
cow  treated  with  acetic  acid  (410  times). 

1.  Sheath. 
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2.  Contents,  of  a cellular  appearance. 

3.  Cell  in  the  nucleated  globule  enclosed  by  a particular 
membrane,  showing  a clear  contents. 

4.  Nucleus  of  this  cell. 

Fig.  196.  Nucleated  globule  of  the  ganglia  gasseri  of  a 
cow  (150  times). 

1.  A nerve  fibre. 

2.  Sheath. 

3.  A part  of  the  surface,  deprived  of  its  sheath. 

Fig.  197.  Transverse  section,  across  the  greatest  diameter 
of  a nucleated  globule  of  a dried  ganglia  gasseri  of  a cow, 
after  the  addition  of  water  and  dilute  acetic  acid  (410  times). 

1.  Sheath,  distinct  outline. 

2.  Cell  enclosed  in  the  nucleated  globule  (this  does  not 
appear  cut  through,  but  lies  very  superficially). 
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